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CORONARY ARTERY DISEASE 


ISI GE 

Instantaneous Cardiac Death in the Posthospital Period After 

Acute Myocardial Infarction Zë es 
Michael O. Sweeney, Arthur J. Moss, and Shirley Eberly eo Po J 


Instantaneous death (<1 minute) was responsible for almost one third of 
the cardiac deaths that occurred in 229 postinfarction patients during a 2- 
year follow-up. Frequent ventricular ectopic complexes, digitalis, and 
absence of 6-blocker therapy distinguished patients who died instanta- 
neously from those who died noninstantaneously. 


1380 
Comparison of Composition of Atherosclerotic Plaques in 
Saphenous Veins Used as Aortocoronary Bypass Conduits with 
Plaques in Native Coronary Arteries in the Same Men 

Susanne L. Mautner, Gisela C. Mautner, Sally A. Hunsberger, and 

William C. Roberts 





This study describes quantitatively the components of atherosclerotic 
plaques in saphenous vein grafts used for aortocoronary bypass and com- 
pares the findings with the plaques in the native coronary arteries in the 
same men. A total of 607 five-mm segments of saphenous veins and 797 
five-mm segments of native coronary arteries were examined by comput- 
erized planimetric technique in 19 men, aged 39 to 82 years (mean 61), 
who had survived bypass operation for >1 year. Comparison of the mean 

_ percentages of the plaque components in saphenous vein grafts in place for 
14 to 26 months with those of the native coronary arteries revealed signifi- 
cant differences: cellular fibrous tissue, 86 vs 7%; dense fibrous tissue, 13 

vs 82%; p <0.05. As survival time after the bypass operation increased, 
composition of the plaques in the saphenous veins changed so that by 
appra ximately 80 months the amounts of cellular and dense fibrous tissue 
in both saphenous vein grafts and native coronary arteries were similar: 10 
vs 16%, and 75 vs. 71%; p = not significant. Thus, by about 7 years after a 

=- coronary bypass operation the composition of plaques in saphenous vein 

SÉ grafts is similar to that in the native coronary arteries of the same patients. 
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Catheterization in een ap with Severe Narrowing of the Left 
Main Coronary Artery 
James D. Boehrer, Richard A. Lange, John E. Willard, and L. David Hillis 


In early reports, coronary arteriography in patients with left main (LM) 
coronary artery disease (CAD) had a substantial risk, but recent reports 
suggest that arteriography in these subjects is now associated with a low 
mortality. The present study was performed to examine the pericatheter- 
ization mortality in patients with LMCAD and to identify the variables 
associated with pericatheterization mortality in these subjects. Of 4,009 
patients undergoing elective coronary arteriography from 1978 to 1992, 
176 had LMCAD. Their periprocedure mortality was 2.8%, which was 
>20 times the 0.13% mortality of those without LMCAD. In comparison 
with the 171 patients with LMCAD who survived, the 5 who died were 
older, and had more severe LMCAD and a lower cardiac index. Thus, 
even in the 1980s and 1990s, patients with LMCAD have a high pericath- 
eterization mortality. 


1391 
Importance of Early and Complete Reperfusion to Achieve 
Myocardial Salvage After Thrombolysis in Acute Myocardial 
Infarction 

Peter Clemmensen, E. Magnus Ohman, Dorina C. Sevilla, Nancy B. 
Wagner, Peter S. Quigley, Peer Grande, and Galen S. Wagner 





The importance of the timing and completeness of coronary artery reper- 
fusion for limitation of acute myocardial infarction (AMI) size after 
thrombolytic therapy was studied in 39 patients. Acutely jeopardized 
myocardium was estimated acutely at baseline, and before and after 
angiography by quantitative ST-segment analysis. The AMI size was 
estimated on the predischarge electrocardiogram by QRS score. Left 
ventricular ejection fraction was measured at the time of acute angiogra- 
phy and before discharge. In 21 patients with Thrombolysis in Myocardial 
Infarction (TIMI) trial grade 3 flow in the infarct-related artery, the 
amount of jeopardized myocardium decreased from baseline to before and 
after angiography (17 to 11 and 11%; p <0.00005), and the median final 
AMI size was reduced (17 to 9%; p = 0.0004). In 6 patients with TIMI 
grade 2, the amount of jeopardized myocardium decreased slightly from 
baseline to before and after angiography. In 12 patients with TIMI 0 to 1 
flow the amount of jeopardized myocardium remained unchanged fror 
baseline to before angiography. In patients with TIMI 0 to 1 or 2 flow the 
final AMI size was not reduced. There was a significant inverse correla- 
tion between the change in global left ventricular function and the differ- 
ence between electrocardiographic-estimated jeopardized and final AMI 
size (r, = —0.53; p = 0.008). These findings suggest that only early and 
complete AMI reperfusion will result in myocardial salvage. 

















ly and Late Changes in Left Ventricular Filling After Acute 





Eariy and Infarction and the Effect of Infarct Size 


Athanase Pipilis, Theo E. Meyer, Oliver Ormerod, Marcus Flather, and 
Peter Sleight 


The diastolic filling pattern of patients with acute myocardial infarction 
was studied by Doppler echocardiography. One week after infarction, 
patients with large infarcts had a restrictive filling pattern, whereas pa- 
tients with small infarcts did not have measurable differences from control 


subjects. At 6 weeks the differences were less pronounced because the 
remodeling process affects overall left ventricular compliance. 
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Dose and Test for Dipyridamole Rem and Cardiac Imaging 


Early After Uncomplicated Acute Myocardial Infarction 
Roberto Casanova, Annalisa Patroncini, Pier Luigi Guidalotti, Pier Franco 
Capacci, Flaviano Jacopi, Mauro Fabbri, and Aleardo Maresta 


An early risk stratification (9 + 3 days) after uncomplicated acute myo- 
cardial infarction was performed in 57 patients using 2 different intrave- 
nous doses of dipyridamole (0.56 mg/kg /4 minutes standard dose vs 0.84 
mg/kg/10 minutes high dose) during 2-dimensional echocardiography 
and thallium-201 scintigraphy. New wall motion abnormalities were com- 
pared with redistribution of thallium imaging and results of coronary 
angiography. Two-dimensional echocardiography had low sensitivity 
(14%) and accuracy (57%) after the standard dose compared with thalli- 
um sensitivity (85%) and accuracy (89%) in predicting the presence of 
multivessel coronary artery disease. After high-dose infusion the sensitiv- 
ity of 2-dimensional echocardiography improved slightly (53%), whereas 
thallium-201 sensitivity and accuracy remained unchanged. Thus, dipy- 
ridamole infusion with a standard dose, when combined with thallium-201 
imaging, safely allows an early identification of patients needing coronary 


angiography. 
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Exercise-induced $-Wave Prolongation in Left Anterior 
Descending Coronary Artery Stenosis 

Andreas P. Michaelides, Harisios Boudoulas, Gregory P. Vyssoulis, 


Charalambos Skouros, and Pavios K. Toutouzas 


Blood 1 supply i in the areas of the myocardium contributing to the develop- 


ment of the S wave comes from the 3 major coronary arteries in cases with 


normal intraventricular conduction, but mostly from the left anterior 
descending (LAD) coronary artery in those with left anterior hemiblock or 


_ right bundle branch block. To test the hypothesis that the S wave will be 
prolonged with exercise only in patients with LAD coronary artery steno- 


sis and intraventricular conduction defect, 88 patients with normal intra- 
ventricular conduction, 66 with left anterior hemiblock and 36 with right 
bundle branch block were studied. In patients with normal coronary 
arteries, S-wave duration decreased with exercise regardless of the status 


of ventricular conduction. In patients with normal intraventricular con- 


duction, the S wave was prolonged slightly with exercise, whereas in those 


Continued on page A16 
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-with left anterior hemiblock or right bundle branch block, the S wave was _ i ao 


prolonged significantly with exercise only when LAD coronary artery ` 
stenosis was present. S-wave prolongation with exercise in patients with ` 
LAD coronary artery stenosis and left anterior hemiblock or right bundle === = 
branch block most likely is related to exercise-induced ischemia in the = 
areas of the myocardium contributing to the development of the Sy wave. KR 





pe ene ee ee a E E AAE ee 
Psychological, Behavioral and Biochemical Risk Factors for 
Coronary Artery Disease Among American and Italian Male 
Corporate Managers 

Maurizio Fava, Andrew Littman, Stefania Lamon-Fava, Richard Milani, 
David Shera, Robert MacLaughlin, Edwin Cassem, Alexander Leaf, Bruno 
Marchio’, Erta Bolognesi, and Gian Paolo Guaraldi 


The rate of coronary artery disease (CAD) is very different between the ` ` a 
United States and Italy. Differences in psychological, behavioral and ag 
biochemical risk factors for CAD among 129 American (mean age 43 + 7 ee 
years) and 80 Italian (mean age 45 + 7) managers were determined. Each 

subject was administered several questionnaires assessing various psycho- 

logical and behavioral parameters. Overnight fasting blood samples were 

obtained for the measurement of plasma levels of dehydroepiandroster- 

one-sulfate, total cholesterol, triglycerides, and apolipoproteins A-I and B. 

Italian managers reported significantly more cynicism and hostility, and 

less enjoyment in leisure activities than did American ones. Fifty-one 

percent of Italian and 14% of American managers were smokers. Italian 

managers had significantly lower levels of plasma dehydroepiandroster- 

one-sulfate and apolipoprotein A-I, which have a protective role against 

development of CAD, than did American ones. In conclusion, this study 

found that Italian managers had a significantly more unhealthy psycho- 

logical, behavioral and biochemical profile than did American managers. 


ct ae 
Diagonal Earlobe Crease as a Marker of the Presence and 
Extent of Coronary Atherosclerosis 

Bernardino Tranchesi, Jr., Vania Barbosa, Cicero Piva de Albuquerque, 
Bruno Caramelli, Otavio Gebara, Raul Dias dos Santos Filho, Odila 
Nakano, Giovanni Bellotti, and Fulvio Pileggi 





This study evaluates the association of diagonal earlobe creases (ELC) to 
coronary artery disease (CAD). Examination of 1,424 patients was con- 
ducted for the presence of ELC, and 2 groups were formed: group I 
control — 1,086 consecutive patients who denied symptoms of myocardial 
ischemia and were admitted to a general hospital for other reasons; group 
II CAD — 338 patients with angiographically documented CAD. ELC 
was present in 304 patients (28%) in group I and 220 (65%) in group II (p 
<0.0001). ELC was more frequent in patients with multivessel disease. 
Adjustment of the data to isolate the influence of age and gender still 
resulted in a highly significant increased prevalence of ELC in the CAD 
group. It is concluded that ELC is a marker of CAD independent of age 
nd sex and could be useful in clinical practice. 





Continued on page A19 
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Significance of Noninvasive Diagnostic Techniques in Patients 
with Long QT Syndrome 

Thomas Eggeling, Martin Hoeher, Hans-H. Osterhues, Peter Weismueller, 
and Vinzenz Hombach 








The significatice of noninvasive diagnostic techniques, i.e., standard 12- 
lead electrocardiogram, exercise stress testing, cold pressor testing, Val- 
salva testing, and ambulatory electrocardiographic recording, was evalu- 
ated in 14 patients with long QT syndrome (LQTS) and in 14 healthy age- 
matched control subjects. QTc duration at rest, during exercise stress 
testing, cold pressor testing and Valsalva testing was significantly longer in 

oe patients with LQTS. During ambulatory electrocardiographic monitor- 

K as ing, 1 patient with LQTS had intermittent sinoatrial block, 1 patient had 

ee TU-wave changes, and only 2 patients with LQTS had episodes of tor- 
sades de pointes tachyarrhythmias. Thus, standard electrocardiographic 
techniques in combination with autonomic maneuvers and ambulatory 
electrocardiographic recordings may contribute important diagnostic in- 
formation in patients with suspected LQTS. 


1427 
Negative Dromotropism of Adenosine Under Beta-Adrenergic 
Stimulation with Isoproterenol 

Wen-Ter Lai, Sheng-Nan Wu, and Ruey J. Sung 





The atrioventricular (AV) nodal conduction responses to intravenous 
adenosine were assessed in 15 patients by electrophysiologic study in the 
control state and during isoproterenol infusion (1 to 3 ug/min). The dose- 
response curves of AV nodal conduction time (percent increase of AH 
interval) were almost identical between the control state and during iso- 
proterenol infusion. Thus, the negative dromotropic effect of adenosine 
was not attenuated under physiologic @-adrenergic stimulation with iso- 
proterenol. These findings suggest that adenosine should be effective in 
terminating catecholamine-sensitive supraventricular tachycardia involv- 
ing the AV node as part of the reentrant circuit. 











1432 
Effects of the Class Ill Antiarrhythmic Drug Dofetilide on 
‘ic ophasic Action Potential Duration and ar 
i in Stable Angina Pectoris 





Martin L. Sedewick, Henrik S. Rasmussen, and Stuart M. Cobbe 





The effects of intravenous dofetilide on ventricular monophasic action 
potential duration and effective refractory period were studied at 2 right 
ventricular sites in 18 patients with ischemic heart disease. Six patients 
received low-dose dofetilide, 6 received high-dose dofetilide and 6 placebo. 
During pacing at an 800 ms cycle length, high-dose dofetilide prolonged 
right ventricular apex monophasic action potential duration by 45 ms and 
effective refractory period by 40 ms. At the right ventricular outflow tract, 
monophasic action potential duration was prolonged by 45 ms and effec- 














-tive refractory period by 55 ms. At a 500 ms cycle length, high-dose 
dofetilide prolonged right ventricular apex monophasic action potential 
duration by 40 ms and effective refractory period by 43 ms. The right 

ventricular outflow tract monophasic action potential duration was pro- 
longed by 33 ms and effective refractory period by 45 ms. QTc prolonga- 
tion with high-dose dofetilide averaged 43 ms with no increase of interlead 
QT dispersion. The effects of dofetilide on QT and refractory periods are 
due to prolongation of action potential duration with no effect on disper- 
sion. 


Ev | WE 
Catheter Ablation of the Atrioventricular Junction Using 
Radiofrequency Energy and a Bilateral Cardiac A 

Richard G. Trohman, Tony W. Simmons, Stephen L. Moore, Michael S. 
Firstenberg, Deborah Williams, and James D. Maloney 









Radiofrequency ablation of the atrioventricular (AV) junction was per- a 
formed in 61 patients with drug refractory supraventricular tachyarrhyth- 
mias. Using a combined right and left heart approach, permanent com- 

plete AV block was produced in 60 patients (98%). Patients aged >60 

years were more susceptible to right-sided radiofrequency applications. A 

left ventricular approach was attempted and successful in 6 of 7 patients 

with unsuccessful right-sided ablation. Radiofrequency catheter ablation 

should be considered the treatment of choice for percutaneous production 

of complete AV block. 


VALVULAR HEART DISEASE 


E E 
Long-Term Results of Percutaneous Mitral Vaivuloplasty with 
the Inoue Balloon Catheter 

Chuan-Rong Chen, Tsung O. Cheng, Ji-Yan Chen, Ying-Ling Zhou, Jia 
Mei, and Tie-Zheng Ma 





The initial 85 patients who successfully underwent percutaneous mitral 
valvuloplasty (PMV ) with the Inoue balloon catheter between November 
1985 and November 1988 had a mean follow-up period of 5 + 1 year. The 
clinical, hemodynamic, echocardiographic, phonocardiographic, electro- 
cardiographic, vectorcardiographic and cardiopulmonary exercise studies 
showed significant improvement after PMV and at follow-up. Functional 
status before PMV was New York Heart Association class IV in 2 pa- 
tients, class ITI in 52, and class IT in 31; at follow-up, the status was class I 
in 74, class II in 6, and class IH in 5. All 5 patients (6.8%) in class III 
_ developed mitral restenosis; in all 5, severe mitral calcification and subval- 
_ vuler fusion were found by 2-dimensional echocardiography. It is conclud- 
ed that PMV with the Inoue balloon catheter can achieve excellent and 
sustained long-term results in relieving symptomatic, rheumatic mitral 
stenosis in patients without severe mitral calcification and subvalvular 
fusion. 


Continued on page A23 
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OS ig ee ee eee 
A Comparison of Hospital and Gana caused Infective 
Endocarditis 

Sharon C. A. Chen, Dominic E. Dwyer, and Tania C. Sorrell 


The epidemiology, clinical features, microbiology and outcome of 30 
episodes of nosocomial endocarditis occurring at a large general hospital 
from 1979 to 1991 were reviewed. Compared with community-acquired 
infection, patients tended to be older, had a higher incidence of congestive 
cardiac failure (p = 0.001) or hypotension (p = 0. 008) at presentation 
and were more likely to have had bacteremia after an invasive procedure 
(83 vs 31%; p <0.00001). Intravascular devices were documented as the 
source of bacteremia in 11 episodes (37%), with the same organism 
isolated from both the blood and the suspected source of infection. Staph- 
ylococcus aureus was the most frequent causative organism (56%), in- 
cluding 4 (14%) due to methicillin-resistant strains. There was a signifi- 
cantly higher mortality in nosocomial than in community-acquired endo- 
carditis (40 vs 18%; p = 0.02). Proper adherence to protocols for 
management of intravascular devices and antimicrobial prophylaxis be- 
fore procedures may have prevented endocarditis in 15 of 30 patients. 


E EE 
Active Infective Endocarditis Observed in an Indian Hospital 
1981-1991 

Rajib Choudhury, Anil Grover, Jagmohan Varma, Hari N. Khattri, Inder S. 
Anand, Padmakar S. Bidwai, Purshottam L. Wahi, and Rajendra P. Sapru 


In this retrospective study of 186 patients (133 males, 53 females) with 
infective endocarditis from Northern India, certain essential differences 
from the West are highlighted. The mean age was lower (25 + 12 years). 
Rheumatic heart disease was the most frequent underlying heart lesion 
(79 cases) followed by congenital heart disease (62 cases), normal valves 
(17 cases), mitral or aortic regurgitation of uncertain etiology (24 cases), 
mitral valve prolapse (2 cases) and prosthetic valve (2 cases). Predisposing 
factors were present in only 28 patients of which postabortal sepsis and 
sepsis related to childbirth accounted for 6 and 5 cases, respectively. Blood 
cultures were positive in only 87 cases with a total of 90 microbial isolates, 
the most frequent organism being staphylococci (37 cases) and streptococ- 
ci (34 cases). Of the 110 patients who had received antibiotics before to 
admission, 87 belonged to the culture-negative and the remaining to the 
culture-positive group (p <0.001). Overall mortality remains high (25%) 
with conservative management, surgical intervention being performed in — 
only 2 patients. There was a greater number of neurologic complications in — 
patients who died than in those who recovered (38 vs 14%; p <0.01). 
Better control of rheumatic fever, asepsis during childbirth and wider 
availability of sophisticated surgical techniques are required to improve 
the outlook in this disease. 








‘Cardiac Dimensions Determined by Cross-Sectional | 
Echocardiography in the Normal Human Fetus from 18 Weeks ` 


to Term | 
Julie Tan, Norman H. Silverman, Julien I. E. Hoffman, Maria Villegas, and . 
Klaus G. Schmidt 





The ventricular and atrial cavity dimensions, ventricular and septal wall 
thicknesses, and the dimensions of the aorta, main and branch pulmonary 
arteries, the superior and inferior venae cavae, and the ductus arteriosus 
were measured using 2-dimensional echocardiography in a cohort of nor- 
mai human fetuses of established gestational age. Data from each mea- 
surement were plotted as a function of gestational age using the linear or 
polynomial equation, depending on the best fit of the data. These values 
provide a standard for comparison with measurements obtained in fetuses 
referred for echocardiographic investigation. 


MISCELLANEOUS 


LAIOS oo a 
Value of Transesophageal Echocardiography Combined with 


-Computed Tomography for Assessing Repaired Type A Aortic 


Raymond P. Roudaut, Xavier L. Marcaggi, Claude Deville, Gilles 
de Verbizier, Pierre Dos Santos, Francis Fontan, and Modeste Dallocchio 


Thirty-two patients with repaired type A aortic dissection were examined 
by transthoracic echocardiography and computed tomography scan in 
order to assess the long-term evolution and complications of a surgical 
procedure (replacement of the ascending aorta in 25 patients, with exten- 
sion to the transverse aorta in 7 patients). This study suggests that at the 


level of the ascending aorta main complications are aortic root ectasia and 


false aneurysms. The persistence of a circulating false lumen at the level of 
the descending thoracic aorta is more frequent in cases of dilated aorta. 
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Effectiveness and Safety of Bolus Administration of Altepiase 
In Massive Pulmonary Embolism 

Jean-Luc Diehl, Guy Meyer, Janine Igual, Marie Anne Collignon, Mathilde 

Giselbrecht, Philippe Even, and Hervé Sors 


Animal studies have demonstrated that thrombolysis with combinant 


- tissue-type plasminogen activator (rt-PA) is accelerated and that bleeding 


8 -is reduced when rt-PA is infused over a short period. Clinical experience of 






bolus rt-PA administration in patients with massive acute pul 





embolism is, however, limited. A prospective open study was conducted in | 


which 54 patients with massive pulmonary embolism (Miller index = 20 of 
34) received a 10-minute infusion of rt-PA at a dose of 1 mg/kg. At 48 


hours and 10 days, the mean absolute improvements in the perfusion lung 








scan defect were 11 and 31%, respectively. Five patients died (10%) and 
major bleeding occurred in 8 (15%). Long-term follow-up information 
was available for 44 of the 49 discharged patients: 2 had died and 12 
(27%) complained of persistent exertional dyspnea. 
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egen Renal Vent ‘After eee Trenseloctation 
Jorgen Hating | 


To examine cardiac changes after renal transplantation, 24 hemodialysis 
patients (18 men and 6 women, age 47 + 12 years) were analyzed before 
and 41 + 30 months after renal transplantation in a prospective echocar- 
diographic study. The most frequent findings at both assessments were left 
atrial dilatation (75 vs 79%; p = not significant [NS]) and left ventricular 
(LV) hypertrophy (71 vs 67%; p = NS). Mean left atrial diameter (41 + 
5 vs 44 + 5 mm; p <0.05) and end-diastolic LV diameter (50 + 5 vs 53 + 
5 mm; p <0.05) increased at constant LV muscle mass (332 + 104 vs 329 
+ 94 g; p = NS) and elevated blood pressure (systolic 156 + 35 vs 144 
15 mm Hg; p = NS). LV ejection fraction (58 + 10% vs 63 + 12%; p 
<0.02) and stroke volume (98 + 26 vs 118 + 25 ml; p <0.02) improved 
after transplantation. The data suggest that LV function is improved after ` 
renal transplantation, whereas LV hypertrophy persists independent of ` 
dialysis access patency. | 
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Effect of a Number of Coronary Arteries Significantly 
Narrowed eet Status of rnea Conduc 






Andreas P. Michaelides, Harisios Boudoulas, Haris Antonakoudis, Gregory 
P. Vyssoulis, and Pavios K. Toutouzas 
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of Acute Exposure to Altitude (3,460 m). on Boi 

_ Pressure Response to Dynamic and Isometric Exercise in Men 
with Systemic Hypertension 

Stefano Savonitto, Giovanni Cardellino, Giulio Doveri, Silvia Pernpruner, 

Roberto Bronzini, Nicole Milloz, M. Delia Colombo, Marco Sardina, Guido 
Nassi, and Paolo Marraccini 
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Spontaneous Echocardiographic Contrast with the 
‘Carbomedics Mitral Valve Prosthesis 

Shirnon A. Reisner, Diana Rinkevich, Walter Markiewicz, Zvi Adler, and 
Simcha Milo 


1500 
Frequency of Left Atrial Thrombi by Transesophageal 
Echocardiography in Idiopathic and in Ischemic Dilated 
Cardiomyopathy 

Carlo Vigna, Aldo Russo, Vincenzo De Rito, GianPiero Perna, Alessandro 
Villella, Marco Testa, Vito Sollazzo, Raffaele Fanelli, and 

Francesco Loperfido 


i et ee EA EAE E 
Plasma Levels of Atrial Natriuretic Peptide in Hypertrophic 
Cardiomyopathy 

Giorgio Derchi, Pietro Bellone, Franco Chiarella, Matilde Randazzo, Vera 
Zinc, and Carlo Vecchio 
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| Supravalvular Aortic Stenosis After Replacement of the 





‘Isidre Vilacosta, Asunción Camino, José Alberto San Román, Maria Jesús ~ 
-Rollan, Ramiro de la Llana, Manuel Gil, and Luis Sánchez Harguindey | 





und “Pacemaker Syndrome” in Hypertrophic 


Jay N. Gross, Theodore N. Keltz, Jerome A. Cooper, Sheldon Breitbart, 
and Seymour Furman 
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WE DIDN'T INVENT 


ASPIRIN THERAPY. 
WE JUST 
MADE IT EASIER. 


It’s a fact, aspirin therapy has been proven 
to be safe and effective in reducing the risk of recurrent 
MlLProphylaxis and unstable angina. 
The truth is, you may already be prescribing aspirin therapy to your patients. 
If that’s the case, we've just made it easier for you and them. 

Now Halfprin, offers you a choice of strengths making it easier for you to prescribe aspirin therapy 
to your patients. What's best, Halfprin is enteric coated to minimize gastric distress and 
economically priced to make it easy on your patient's budget. 

So the next time you prescribe aspirin therapy, 
make it easier on yourself and your patients...recommend Halfprin. 
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Instantaneous Cardiac Death in the Posthospital 


Period After Acute Myocardial Infarction 


Michael O. Sweeney, MD, Arthur J. Moss, MD, and Shirley Eberly, MS 





Sudden arrhythmic cardiac death is a major unre- 
-= solved health problem, yet there is no agreement 

on the chronologic definition of sudden death. This 
retrospective study investigates the frequency dis- 
tribution of the chronology of the terminal cardiac 
event in a large postinfarction population and 
identifies factors associated with instantaneous 
(<1 minute) cardiac death. This study involved 


oe 229 patients enrolled in the Multicenter Diltiazem. 


` Poest-infarction Trial who died during 2-year fol- 
` fow-up and had quantitative information on the 


-chronology of the terminal event. Thirty-two per- 


cent of the cardiac deaths occurred instantaneous- 
ly. Patients who died instantaneously were more 
likely (p <0.05) to be men, to have a baseline 
ejection fraction <0.40, and to have frequent 
(=10/hour) and repetitive (>3 in a row) ventricu- 


` Ier ectopic complexes (VECs) on an ambulatory 
` electrocardiogram than those who did not die in- 


stantaneously. Patients who died instantaneously 


` received more digitalis and class IA antiarrhyth- 


mic agents and less 6 blockers in the week before 
death than those dying noninstantaneously. Logis- 
tic regression analysis identified 3 independent 


"actors that differentiated instantaneous from 


noninstantaneous death (relative risk; 95% confi- 
dence interval): frequent VECs (2.15; 1.11 to 
4.17); digitalis (2.57; 1.31 to 5.06); and no f 
blocker medication (2.90; 1.09 to 7.75). Instanta- 
neous death (within 1 minute) was responsible for 


almost one third of the cardiac deaths that oc- 
-curred in this postinfarction population. Frequent 
EE VECs, digitalis, and absence of 8-blocker therapy 
_ distinguished patients who died instantaneously 


from those who died noninstantaneously. 
| (Am J Cardiol 1992;70:1375-1379) 
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death in the United States each year, approximately 

50% of all cardiac deaths annually.' Malignant ven- 
tricular arrhythmias causing circulatory collapse are 
generally perceived to be the mechanism of sudden ` 
death.2-> These arrhythmias are usually superimposed 
on significant underlying structural abnormalities asso- 
ciated with coronary heart disease.’ Definitions of sud- ` 
den death rely on time criteria about which there is no ` 
uniform agreement. In 1969 the International Society 
of Cardiology and the American Heart Association 
agreed on the following definition: “Sudden unexpected 
(natural) death is defined as death occurring instanta- 
neously or within an estimated 24 hours of the onset of 
acute symptoms or signs.”° Friedman et al’ subdivided 
sudden death into instantaneous (collapse occurring 
<30 seconds after onset of symptoms with death im- 
mediately thereafter) and noninstantaneous (occurring 
minutes to 24 hours after onset of symptoms) catego-. 
ries. Other investigators have argued that sudden death 
be defined as “witnessed death within 1 hour of the on- 
set of acute symptoms.”® Nonsudden death implies a 
mechanism other than primary arrhythmic death, char- 
acterized by circulatory collapse preceding the terminal ` — 
arrhythmia, as suggested by Hinkle and Thaler? This ` 
study used the Multicenter Diltiazem Post-infarction ` 
Trial!’ database to investigate the frequency of occur- — 
rence and the factors associated with instantaneous car- 
diac death (<1 minute) during an average 2-year fol- 
low-up after an index myocardial infarction. EE 


I: is estimated that 300,000 people have sudden cardiac 


METHODS = 
Population: The design, organization, patient | ree oo 
cruitment, data acquisition, follow-up and primary sta: ` 
tistical analysis of the Multicenter Diltiazem Post-in- 
farction Trial have been previously reported.!° During ` 
the enrollment period from February 17, 1983, to June 
30, 1986, 13,618 patients met eligibility criteria (ic, 
had acute myocardial infarction and were aged S75. 
years), 11,152 were excluded and 2,466 were enrolled. 
Patients were followed at periodic intervals throughout 
the trial until the study completion date (June 30 
1987). The range of follow-up was 12 to 52 month d 
(mean duration 25). E 














were prespecified and described in the primary ee 
tion.!° The variables included demographic information, - 
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gram, chest x-ray, e erdiac status at ‘discharge gé at 
periodic follow-up, and medication usage in the week 
before death. 
Risk variables: For this analysis, roentgenographic 
pulmonary congestion was dichotomized as a 2-level 
variable (none, mild or moderate versus severe). Ejec- 
tion fraction was analyzed as a continuous numeric 
-variable and was also dichotomized at 20.40 or <0.40. 
Pulmonary rales were dichotomized as none or bibasilar 
versus greater than bibasilar. Ventricular ectopic com- 
` plexes (VECs) on 24-hour Holter monitoring were cate- 
` gorized in terms of frequency (210 VECs/hour or <10 
__VECs/hour) and repetitiveness (23 VECs in a row or 
Ch VECs in a row). 
| Mortality data: The circumstances surrounding each 
_. death were independently reviewed by a specially ap- 
-pointed 4-member mortality subcommittee.!0!! Each 
death was categorized as due to either cardiac or non- 
cardiac causes. All cardiac deaths were further catego- 
rized by the elapsed time between onset of acute cardiac 
symptoms and death according to prespecified written 
guidelines. The definition of instantaneous death was 
abrupt collapse with immediate subsequent death either 
without any preceding symptoms or with the time from 
onset of cardiac symptoms to collapse being <1 min- 
ute. Death occurring unexpectedly during sleep without 
acute cardiac symptoms in the previous 24 hours was 
also categorized as instantaneous death (n = 13). 
Statistical methods: The current analyses are based 
on the Multicenter Diltiazem Post-infarction Trial ana- 
lytic database released December 1990. Preselected 
clinical variables were tested for their association with 
instantaneous and noninstantaneous cardiac death using 
chi-square and f tests. Variables found to differentiate 
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Logistic 1 regression ‘analysis B V DP-LR to identify 
factors discriminating between instantaneous and non- 
instantaneous cardiac death. Survival estimates were 
obtained using the Kaplan-Meier product limit meth- 
od. 13 


RESULTS re 

During the 12- to 52-month follow-u peri 
were 333 deaths among the 2,466 patients enrolled in 
Multicenter Diltiazem Post-infarction Trial. There were 
252 cardiac deaths (76%) and 81 noncardiac deaths 
(24%). Among those who died of cardiac causes (n = 
252), the time interval from onset of acute cardiac 
symptoms, if any, to death was available in 229 patients 
and unavailable or undetermined in 23 patients. 

Figure 1 shows the frequency distribution of the 
time interval from onset of symptoms to death for all 
229 patients who died of cardiac cause after the index 
myocardial infarction. There was a striking bimodal dis- 
tribution. Seventy-four patients, 32% of the total popu- 
lation, died instantaneously (<1 minute) and 123 pa- 
tients, 54% of the total population, died >1 hour after 
onset of symptoms. The remaining 32 deaths (14% of 
the population) were evenly distributed between 1 and 
60 minutes; a slightly greater frequency was observed at 
5, 10, 15 and 30 minutes, probably reflecting the ten- 
dency of observers to “round off” their time estimates. 
In all subsequent analyses, the chronology of the termi- 
nal cardiac event is dichotomized into instantaneous 
(time <1 minute) and noninstantaneous (time >1 min- 
ute) categories. , 

The clinical characteristics of the 229 patients who 
died of cardiac causes, subdivided into instantaneous 
and noninstantaneous subgroups, are presented in Table 
I. Patients who died instantaneously were more likely (p 
<0.05) to be men, to have a baseline ejection fraction 
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TABLE i Clinical Characteristics of 229 Patients with instantaneous ana Noninstantaneous. 


| Cardiac Death ` 


instantaneous 
Un = 74) 


_ Death Groupe" 


Chi-Square or | 
t Scoret 


Noninstantaneous 
(n= 155) 





Baseline characteristics 











Mean age (year) ` 2+ 10 62. 0 +-9.2 = =Q, 26 . 
Men 91 Ki ` Kai SS 
Cardiac history. SG "offi ` NI E 
Prior riyocardial infarction g Ai. ` A e ES 0. 34 
NYHA class IN ` ban EC EC 0,29. 
Treatment for hypertension Se 47 yy ee ae?!) a | 
Coronary bypass surgery ` ` 7 BE? zs BEE ST 
insulin-dependent diabetes S 11 “4g. Dor BGA e 
Cigarette. smoking... 37 A8: E Së: 
Cardiac findings = EAR maia E Ae SES 
` Shock before stecker, Se | 3 oe. Ei o 44 WW 
Systolic blood pressure < 100 mm Hg H fe ee 3.66 © 
Creatine kinase > 1,000 U ` 43. 46° D 
Blood urea nitrogen > 28 mg/dl 25 Wem 1.79- 
Pulmonary congestion A GEES See ALES 
> Bibasilar pulmonary rales 14 18. Lë, 
Atrial fibrillation 8 5 0.765. 
Radionuclide ejection fraction. 
Mean ejection fraction 0.33 0.12 0.37 + 0.15 t= 2.24 
Ejection fraction. < 0.40 74 57 5.38. 
12-lead electrocardiogram 
Heart rate (beats/min) 82 +19 85. + 18 t = 0.82 
PR interval (sec) 0,17 + 0.03 0.16 + 0.02 t=-+1.83 
QRS interval (sec) ~Q.10 + 0.02 0.09. + 0.02 t= -1.72 
QT interval (sec) 0.37 = 0.04 0.3740.04 = t#-0.01 
QTc interval (sect?) 0.43 + 0.04 0.44: + 0:05 t =.0;95 
Anterior Q wave 51 43. 1.34 
Left ventricular hypertrophy ` 6 IA 3.62 
Bundle branch block 16. 9 2.69 
Ambulatory electrocardiogram pS 
Heart rate (beats/min) B+ 14 77 +14 t= KA? 
. Any ventricular ectopics 97 93 1.51 
< 10 ventricular ectopics/hour. ` 48 28 7.43 
> 3 ventricular ectopics in a row 30 16 5.58 
Medications inthe week before death 
Class 1A antiarrhythmic agents 26 14 4.49 
- B blockers | 11 34 14,01 
- Digitalis 66 39 -14.48 
. Diltiazem 38 41 0.17. 
Diuretics 57 54 0:13 
Nitrates other than sublingual. ` 51 57 0.75 





*Figures are percentages EE values. are mean £ SD.. l 
-<0.05, two-sided. zi 
ication L month before entry; Pulmonary. congestion =æ Suerg ` G i 


tChi-square values. > 3.84 and t scores’ > 1.96 indicate 


NYHA = New York Heart Association functional classi 
congestion confirmed Dy x-ray examination. 








40, and to have frequent G >10/hour) ai r 'epetitive 
1 a row) VECs on an ambulatory electrocardio- 
during Be index infarction Than thoe. who shed 


‘more often sal 8 snd late less. Dei in gien week before 
eath than those. dying noninstantaneously.. ‘The fre- 















ous death was similar for patients ‘randomized ` 
tiazem and placebo treatments, and for those actually 
ig these medications at the time of death 
sure 2 shows the cumulative mortality as a func- 
ion of time after hospital discharge for the instanta- 
eous and noninstantaneous death subgroups. The dis- 


DN the same in the 2 Heu Fifty p percent of both 





e (200° days/ 1,600 days; Fig 


uency of occurrence of instantaneous and noninstan- | 1 
) to logistic regression model in a 
‘clinical variables made independent contributions 


tribution of the cumulative mortality rates was essen- 


















subgr oups had d died within 5% of t the follow-up int 
ure: 2). 





To determine if any premorbid clini cal factors could 





ty pan those. who died ‘noninstantaneously, a logist 
regression analysis was performed. Univariate factors | 
from Table I with p <0.10 difference between instanta- 
neous and nonins tantaneous death were entered into the 
stepwise fashion. Thr 





<0.50) to the model for identifying instantaneous. dea 
(Table II): VEC frequency 210/hour on baseline 
hour ambulatory electrocardiogram, digitalis therap 
the week before demise, and the absence of 6-block 
therapy in the week before. demise. None of the o 


variables contributed SSC fu lly to the e discrimination 
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: op Asso jated with instantaneous Cardiac 
eath: t Mutiple Logis EE Analysis 
















=: Coefficient 


SE RR 


0.34 2.15 








“> 10 ventricular 1.11,4.17 0.03 














ectopic 

_-complexes/hour 

‘Digitalis* ` O95 034 2.57 1.31,5.06 <0.01 
Hop blockers* ` 107 0.50 2.90 1.09,7.75 0,04 
































|. “Therapy rendered in the week before demise. 
F Ce confidence interval; RR = relative risk of instantaneous:noninstantaneous 
4 deat e 


oe betwen. instantaneous and noninstantaneous death, and 

none of the 2-way interactions was significant. The 

` analyses were also performed with diltiazem forced into 
the model, and the results were essentially the same. 


We explored the chronology of the terminal cardiac 
event in 229 postinfarction patients who died during an 
average 2-year posthospital follow-up. The frequency 
distribution of the elapsed time of the terminal event 
identified 2 distinct groups: those who died in <1 min- 
ute and those who died at least 1 minute after onset of 
symptoms. We have designated these groups as instan- 
taneous and noninstantaneous death, respectively. In- 
stantaneous death occurred in almost one third of the 
patients who died and was probably due to ventricular 
fibrillation, as has been argued previously.*-> By extend- 
ing the time of the terminal event from <1 minute (in- 
stantaneous) to <1 hour (sudden), 14% more deaths 
would be included in this expanded time interval, but 
with less specificity for arrhythmias as the terminal 
mechanism. 

Multivariate analysis identified 3 independent fac- 
tors that differentiated instantaneous from noninstan- 


e er ete zt Top Me N 





0 am ` 400 600 800 1000 
DAYS FROM INDEX INFARCTION 


Non — instantaneous (N = 155) 
instantaneous (N= 74) 





1200 


1378 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 DECEMBER 1, 1992 


VEG son a x -hour ambula- 








tion a ay a and comple: ¥ VECs ae een as~ 
sociated with an increased risk of both sudden and non- 
sudden death.!+22 In the Cardiac Arrhythmia Suppres. 
sion Trial, 2 class IC antiarrhy thmic agents, encainide ` 
and flecainide, were each associated with an increase in 
total mortality and sudden death.23 These findings were 
interpreted as strong evidence of a lethal proarrhythmic 
effect from encainide and flecainide.”* It is interesting 
that in the univariate analysis of the current mortality 
study, class IA antiarrhythmic agents were more fre- 
quently used in patients dying instantaneously than 
noninstantaneously (26 vs 14%, chi square = 4.49, p 
<0.05). Antiarrhythmic agents did not make a signifi- 
cant contribution to the multivariate regression analysis, 
possibly because of a strong association between antiar- 
rhythmic therapy and frequent VECs. 

The relation between digitalis therapy and increased 
mortality in patients with coronary artery disease is con- 
troversial. Moss et al” used logistic analyses to con- 
trol for confounding variables and found that 4-month 
mortality after index infarction was highest in digi- 
talis-treated patients with left ventricular dysfunction 
and frequent and/or repetitive VECs on predischarge 
Holter monitoring. Bigger et al% reported that the asso- 
ciation between digitalis and increased mortality in 
postinfarction survivors was of borderline significance 
after controlling for left ventricular dysfunction and 
atrial fibrillation. It has been argued that the excess. 
mortality in postinfarction patients treated with digitalis 
was due to confounding clinical factors that correlate 
with both increased mortality and digitalis use, rather 
than an independent effect of digitalis.27-?9 In the cur- 
rent mortality analysis, most of the confounding clinical 
factors are applicable to both instantaneous and nonin- 
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ng ificant association 


stantaneous groups. A strong and si nific 
“between digitalis therapy and instantaneous death was 


~ evident in both the univariate and multivariate logistic 
>- regression analyses. If digitalis is indeed associated with 


increased mortality in postinfarction patients, then the 

current findings suggest that a possible mechanism may 

be a digitalis-related proarrhythmic effect. 

= Of all the treatments rendered to postinfarction pa- 
<. tients, only 8 blockers have been consistently associated 


? -with a reduction in total mortali ity and sudden cardiac 


death.2° Those who died instantaneously received ĝ 


blockers less often than those who died noninstanta- 


“neously. It cannot be argued that 8-blocker use contrib- 
uted to noninstantaneous death since 8 blockers are 
known to reduce overall cardiac mortality. These find- 
ings are internally consistent with what we know about 
8 blockers, especially their role in blocking the effects of 
increased sympathetic activity that are associated with 
ventricular arrhythmias.*! 

Information on the chronology of the terminal event 
was unavailable in 9% (23 of 252) of the study popula- 
tion. What effect this small number of cases with miss- 
ing information had on the findings is unclear. It is un- 
likely to have produced a major distortion in the ob- 
served frequency distribution of the chronology of the 
terminal event. However, the missing cases could have 
biased the selection of the factors associated with in- 
stantaneous death; the magnitude of this potential bias 
cannot be ascertained. 

This was a mortality study and involved only pa- 
tients who died of cardiac causes after myocardial in- 
farction. We focused on instantaneous death and identi- 
fied the factors that differentiated instantaneous from 
noninstantaneous death. It is inappropriate to assume 
that the factors associated with instantaneous death in 

-this mortality analysis will identify patients at risk for 
instantaneous death when the starting point is a popula- 
tion surviving an acute myocardial infarction. We be- 
lieve that more precise clinical factors than those cur- 
rently used are needed to identify patients destined to 
die instantaneously. The present study provides a lead in 
this direction. With greater precision in risk stratifica- 
tion, it should be possible to develop more effective 
strategies for the prevention of instantaneous arrhyth- 
mic death. | 
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2 ‘This presen describes quantitatively the compo- 

ae nents of atherosclerotic plaques in saphenous vein 

_ grafts used for aortocoronary bypass and com- 

pares the findings with the plaques in the native 

_ coronary arteries in the same men. A total of 607 

` five-mm segments of saphenous veins and 797 

__ five-mm segments of native coronary arteries 

were examined by computerized planimetric tech- 

-nique in 19 men, aged 39 to 82 years (mean 61), 

` who had survived bypass operation for >1 year. 

` (Comparison of the mean percentages of the 
plaque components in saphenous vein grafts in 
place for 14 to 26 months with those of the native 
coronary arteries revealed significant differences: 
cellular fibrous tissue, 86 vs 7%; dense fibrous 
tissue, 13 vs 82%; p <0.05. As survival time after 
the bypass operation increased, composition of 
the plaques in the saphenous veins changed so 
that by approximately 80 months the amounts of 

cellular and dense fibrous tissue in both saphe- 

>o nous vein grafts and native coronary arteries were 

similar: 10 vs 16%, and 75 vs 71%; p = not signif- 

kant, Thus, by about 7 years after a coronary by- 

Dëse operation the composition of plaques in sa- 

-= phenous vein grafts is similar to that in the native 

coronary arteries of the same patients. 

ee (Am J Cardiol 1992;70:1380-1387) 
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orphologic changes in saphenous veins that had 

been inserted into the aortocoronary position 

as bypass conduits have been described previ- 
ously. 1! No studies, however, have examined the com- 
position of the developing atherosclerotic plaques of sa- 
phenous vein bypass grafts in a detailed quantitative 
fashion including a comparison with the atherosclerotic. 
plaques of the native coronary arteries of the same pa- 
tients. Such is the purpose of this report. 


METHODS 

Patients: Cases selected were limited to men in 
whom the heart, the native coronary arteries, and the 
saphenous venous bypass grafts were available for 
study, and in whom the saphenous veins had been in the 
aortocoronary position for >1 year.!? 

Patient characteristics: Clinical features of the 19 
men are listed in Table I. Their ages at death ranged 
from 39 to 82 years (mean 61). The interval from the 
coronary artery bypass grafting to death ranged from 
14 to 185 months (mean 69). The 19 men had a total of 
41 saphenous venous grafts; the number of grafts per 
patient ranged from 1 to 4 (mean 2.2). A saphenous 
vein having 1 aortic anastomosis and either 1 or >1 
coronary arterial anastomosis was considered a single 
conduit. 

Death was due to a cardiac cause in 9 patients 
(47%): sudden cardiac arrest in 4 patients without myo- 
cardial necrosis, chronic congestive heart failure in 3, 
and acute myocardial infarction in 2. Death was attrib- 
uted to a noncardiac cause in 10 patients (53%): a vas- 
cular condition in 2 patients, cancer in 4, and miscella- 
neous conditions in 4 (Parkinson’s disease, chronic ob- 
structive lung disease, pancreatitis and infection), | 

Method of examination of saphenous vein grafts 
and native coronary arteries: The saphenous vein grafts 
and native coronary arteries were studied in a similar 
fashion. The hearts were fixed in formalin. The saphe- 
nous vein bypass grafts and the 4 major epicardial coro- 
nary arteries (left main, left anterior descending, left 
circumflex, and right) were removed from the heart in- 
tact and cut transversely into 5-mm-long intervals. (In 3 
patients the left main coronary artery was not available 
for examination.) The segments were labeled sequen- 
tially from their origin. Each segment was processed in 
alcohol and xylene, embedded in paraffin, cut into 6 um 
thick sections and stained by the Movat method 17 Of ` 
1,470 sections initially examined, 66 were excluded be- 
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" ABLE | Clinical and Necropsy Findings i 
E Age interval 


(years} CABG~—Death 
at Death (months) 


59 
54 
60 
66 
62 
47 
69 
49 
76 
58 
73 
69 
39 
57 
49 
54 
82 
63 









Case eu DM AP AMI 








14 
19 
24 
26 
27 
32 
34 
39 
48 
D2 
60 
82 
84 
84 
96 
120 
132 
144 
63 185 


61 69 


*Muttiole complications after CABG-—never left hospital. 
tResult of mitral regurgitation. 
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AMI = acute myocardial infarction; AP = angina pectoris; CABG = coronary artery bypass grafting; CHF = chronic congestive heart faiture: COPD = chronic obstructive pulmonary 


left ventricle (ventricular), SH 


disease; DM = diabetes mellitus; HW = heart weight: LV = 


= systemic hypertension by history. 





cause of sectioning artifacts. Thus, a total of 607 seg- 
ments of saphenous vein grafts (mean 32/patient) and 
797 five-mm segments of native coronary arteries 
(mean 42/patient) were studied. Evaluation of plaque 
composition was performed by planimetry: Movat- 
stained sections were placed on the stage of a projection 
light microscope enlarging the image approximately 
150 times. A tracing of the artery was made using 
a GTCO micro Digi-Pad (GTCO Corp, Columbia, 
Maryland); the area was calculated using MacMea- 
sure,!4 which is a morphometric software package used 
in conjunction with a Macintosh SE computer. The fol- 
lowing areas were outlined: potential lumen (total area 
enclosed by the internal elastic membrane), residual lu- 
‘men (potential lumen minus area of atherosclerotic 
plaque), and the components of the plaque separated 
into dense fibrous tissue, cellular fibrous tissue, calcific 
deposits, pultaceous debris (extracellular lipid), foam 
ells (intracellular lipid) with and without lymphocytes, 
nd inflammatory infiltrates without significant num- 
s of foam cells. Analysis of components was per- 
formed in each of the 4 major epicardial coronary arter- 
jes and saphenous venous bypass grafts in every patient. 
= Dense fibrous tissue consisted of nearly acellular rel- 
- atively homogeneous fibrous tissue staining yellow or 
` yellow-brown by the Movat stain. Cellular fibrous tis- 
` sue contained numerous spindle cells resembling myofi- 
_-broblasts, smooth muscle cells, or fibroblasts admixed 
"with fibrous tissue and often elastic fibers. Calcific de- 

~- posits were detected by blackish, brownish or purple 

` collections of granular staining areas in Movat-stained 
sections. Pultaceous debris (presumably rich in extra- 
= cellular lipid) consisted of collections of amorphous- 
<o pale-staining material with abundant cholesterol clefts. 






















and multiluminal chann 


Foam cell aggregates were composed of plump, round- 
ed, finely vacuolated cells. Foam cells and lymphocytes 
were areas containing round cells with finely granular 
or vacuolated cytoplasm admixed with lymphocytes. In- 
flammatory infiltrates without foams cells were isolat- 
ed aggregates of lymphocytes and other inflammatory 
cells that were almost always seen surrounding small 
vascular channels. The defined areas were recognized 
using the projection microscope and were confirmed by 
standard light microscopy. The area of each component 
of plaque was then converted to a percentage of the to- 
tal plaque area. For each patient a mean percentage of 
each plaque component was determined by calculating 
the mean of all 5-mm segments of the grafts of ech 
patient and the native coronary arteries, respectively. 
The total mean was calculated based on the means of ` 
the 19 men (Tables II and IID)... a 
The presence of intraluminal thrombus, intraplaque 
hemorrhage, and intraplaque multiluminal chann 
also was recorded in each 5-mm segment. Since 
plaque hemorrhage occupies part of the plaqu 
was outlined in the same fashion as previously des 
and substracted from the total plaque area. The 
of hemorrhagic areas was highly variable, from <) 























as much as 37% in 1 patient. The lumina of the multilu- 
minal channels also were outlined, added up and sub- 
tracted from the total plaque area. They were not added 
to the total luminal area and were usually <1% of the 
total plaque area. The total mean percentages of plaque 
components for each patient in Tables II and IIT there- 
fore do not add up to 100% in patients in whom intra- 
plaque hemorrhage or multiluminal channels were pres 
ent. Intraluminal thrombus, intraplaque hemorrhage 
els were listed based on their 
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No. and Percent of 5-mm Segments Narrowed 


to 5 Categories of CSA by Plaque — Percent of Plaques Consisting of* 











‘Case 5-mm Segments 0-25% 26-50% 51-75% 76-95% 96-100% DFT CFT CD PD FC FC + 2 































H SEN 1 (2) 0 (0) 0 (0) O (0) ; A i ; 0.0 0.0 

2 42 ` 8 (19) 15(36) 10(24) 9 (21) 0 (0) 1.3 985 00 00 O.1 0.0 0.0 

3 48 ` 0 (0) 39 (81) 1 (2) 2 (4) 6(13) 308 678 00 00 0.0 0.0 | 0.0 

1 4 51 27 (53) 23 (45) i (2) 0 (0) 0 (0) 21.1 780 00 00 09 0.0 0.0 

+ 5 30 43(43) 16 (53) 1 (3) 0 (0) O (0) 94.9 35 00 08. 05 03 00 

6 9 2 (22) 4 (44) 2 (22) 1 (11) O (0) 50.4 DD 00 13.5 10.1 0.0 0.0 

7 45 8 (18) 8 (18) 7(16) = 14(31) 8(18) 81.7 63 13 85 08 1.2 0.2 

8 27 DO) 4 (15) 8(30) 15 (56) D (0) 79.6 24 03 93 18 1.0 0.3 

Pa Be: 620 36 (58) = 23 (37) 3 (5) 0 (0) D (0) 9.0 100.0 0.0 0.0 0.0 0.0 0.0 

L 10 32 9(28) 13 (41) 4 (13) 3 (9) 3 (9) 78.6 157 18 30 OI 0.03 0.8 

yp l1 38 29 (76) 9 (24) O (0) 0 (0) O (0) 69.0 30.9 01 01 004 0.0 0.0 

GEI "E 3 (5) 22 (40) 22 {40) 8 (15) 0 (0) 96.9 31 900 00 0.0 0.0 0.0 

| 43 10 0 (0) 3 (30) 2 (20) 5 (50) D (0) 48.3 05 12 108 05 1.0 0.3 

t4 30 13 (43) 11 (37) 3 (10) 1 (3) 2 (7) 94.2 46 00 05 06 0.0 0.0 

ee Get. 19 O (0) 2 (11) 1 (5) 5 (26) 11(58) 299 613 56 25 Di 0.02 0.6 
IIe 21 13 (62) D (0) 0 (0) 1 (5) 7 (33) 98.8 00 07 04 0.0 0.0 0.01 
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19 8 2 (25) 6 (75) 0 (0) 0 (0) O (0) 91.3 00 34 13 16 ZA 0.0 















223 (37) 202(33) 65(11) 66(11) 51 (8) 


*Intraplaque hemorrhage and muliiluminal channels are not listed; therefore numbers may not add up to 100% in each patient. l 
_.CD = calcific: deposits; CFT = cellular fibrous tissue; CSA = cross-sectional area; DFT = dense fibrous tissue; FC = foam cells; FC + L = foam celis plus lymphocytes; 
ICWEC. = inflammatory celis withoutfoam cells; PD = pultaceous debris. 



















No. and Percent of 5-mm Segments Narrowed 
No. of to 5 Categories of CSA by Plaque Percent of Plaques Consisting of* 


5-mm 
Case Segments 0-25% 26-50% 51-75% 76-95% 96-100% FO +L  ICWFC 





1 5] Sum 602)  9(18) 21(41)  10(20) 60.1 179 195 15 001 003 02 
2 37 0 (0) 19(51) 10(27)  2(5) 6(16) 813 43 22 107 12 02 0.3 
3 45 13(29)  8(18)  13(29)  11(24) om 935 op 35 17 02 02 0.0 
4 40 10 (25 "up 11(28) 1128) 1(3) 93.7 45 18 op 00 00 0.1 
5 39 923 "up  5(13) 131 6(15) 865 06 110 17 00 02 0.0 
6 30 16(53) 8(27) om 5 (17) (Lu 966 14 14 00 05 on 0.1 
7 49 500 Sun 2(4) 24(49) 13(27) 69.5 158 134 02 001 00 0.04 
8 47 2 (4) 5(11) 12(26) 17(36) 11(23) 891 05 49 46 02 02 0.5 
9 48 ou 1 (2) 6(13)  34(71) 705) 781 65 120 31 00 00 0.01 
10 25 1 (4) 2 (8) 5(20) 14 (56) 3(12) 781 128 35 48 Di 0l 0.04 
11 29 20 Sum 9(31) 8 (28) 5(17) 61.6 127 181 55 004 00 0.01 ` 
12 56 0 (0} 5 (9) Sg  20(36) 26(46) 929 20 41 05 oi op 0.01. 
13 55 61}  3(5) 9(16) 27(49) 10(18) 33.9 580 25 52 002 02 0.2 
14 44 0 (0) 2 (5) 6(14) 26(59) 10123) 909 19 40 25 03 oi 02 
15 47 705) 613) 449) Sun 22(47) 44.2 41.7 105 31 00 00 oi 
16 44 6(14) 1 511) 20(45) on 873 00 40 80 0l 00 06 
We 37 = 924) 504) 1180)  12(32) om 768 on 218 07 02 oi on 
-B 40 oe 400)  2(5) 10(25) 14(35) 609 265 89 15 00 00 02 


1g 34 3.9) 1 (3) 4(12)  24(71) 2(6) 848 00 148 O04 DI 0.0 . 0.0 
“Total 797  104(13} 100(13) 128 (16) 306 (38) 159(20) 768 | 


at *intraplaque hemorrha and multiaminal channels are not listed: therefore numbers may not add up to 100% in each patient. 
u Abbreviations as in Tablet] ` 



















ABLE IV Frequency of Coronary intraluminal Thrombus, Intraplaque Hemorrhage, and Intraplaque Multiluminal Channels at 
Necropsy in the 19 Men Surviving Coronary Bypass More than One Year 








Saphenous Vein Grafts Native Coronary Arteries 










Plaque Multiluminal Plaque Multiiuminal 
‘Theombus Hemorrhage Channels Thrombus Hemorrhage Channels 


Patients 6/19 (32%) 5/19 (26%) 6/19 (32%)* 7/19 (37%) 9/19 (47%) 14/19 (74%)* 
1 Vessels 6/41 (15%) 7/41 (17%) 7/41 (17%) 8/73 (11%) 15/73 (21%) 23/73 (32%) 
| Five-mm segments 40/607 (7%)t 34/607 (6%)}} 25/607 (4%)§ 12/797 (2%)t 21/797 (8%)t 72/797 (9%)8 


-=p <0.05; tp <0.001; fp <0.05: Sp <0.001. 
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~~ ble IV). or E 
-Luminal narrowing, measured as a decrease in the 
-cross-sectional area enclosed by the border of the inter- 
nal elastic membrane, was graded by visual inspection 
` of the histologic sections at a magnification of X40. The 
- amount of narrowing of each 5-mm segment was cate- 
gorized into 5 groups: 0 to 25, 26 to 50, 51 to 75, 76 to 
95 and 96 to 100%. 

Statistical analysis: To analyze the plaque compo- 
nents a linear regression model was used. First, a test 
was performed on whether the slopes of the different 
plaque components in the saphenous vein grafts and na- 
tive coronary arteries were the same, i.e., whether the 
components increased, decreased or remained constant 
over time. If the slopes were the same, a further exami- 
nation was conducted to determine if the amount of 
each component differed in the veins compared with the 
native coronary arteries and whether there was a 
change over time. If the slopes for the saphenous vein 
grafts and native coronary arteries were not the same, 
then the components of the saphenous vein grafts and 
native coronary arteries only were compared at specific 
times. Because the measurements are percentages the 
values were transformed using a logit transformation, 
log[%/(100 — %)]. As some percentages were 0, a con- 
stant (0.1667) was added so that the logit transforma- 
tion could be applied. It was assumed that the compo- 
nents of the saphenous vein grafts are uncorrelated with 
those of the native coronary arteries. This assumption 
was examined and found to be valid. Figure 1 shows the 
regression curves plotted for cellular and dense fibrous 
tissue based on the actual data using the linear regres- 
sion model. 

Statistical comparisons of the frequencies of intralu- 
minal thrombi, hemorrhage into plaques, and multilu- 
minal channels in the vein grafts and the native coro- 
nary arteries were performed by chi-square tests. A p 
value <0.05 was considered significant (Table IV). 


RESULTS 

Cross-sectional area narrowing: The results are 
summarized in Tables II and III. Thirteen of the 19 
men had 1 or more saphenous vein conduits narrowed 
by atherosclerotic plaque >75% in cross-sectional area. 
Of the 607 five-mm saphenous vein segments examined, 
-117 (19%) were narrowed >75% in cross-sectional area 


al coronary arteries were narrowed by atherosclerotic. 


‘fre quency in patients, vessels and 5-mm segments (Ta 
~ arteries (67 vs 52%; p = not significant). 


be plaque (Table IT). In all 19 men, | or more epicardi- 







(35 vs 13%; p= not significant) and native coronary 


- Plaque : The results are summarized in- 

Tables II and UL and in Figure 2. a 
FIBROUS TISSUE: The mean percentage of fibrous tis- _ 

sue in all plaques of the saphenous vein grafts and na- 
tive coronary arteries was 89 and 88%, respectively. Fi- — 
brous tissue decreased as the degree of cross-sectional — 
area narrowing increased, both in the saphenous vein 
grafts and in the native coronary arteries, which mainly 


Cellular Fibrous Tissue 


Percent of Cellular Fibrous Tissue 


10 20 30 46 


Aa Gi ; ‘nd a a po Zane Kg a est SM, 
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Dense Fibrous Tissue 


Percent of Dense Fibrous Tissue 





plaque >75% in cross-sectional area. Of the 797 five- — 


mm native coronary segments examined, 465 (58%) 
were narrowed >75% in cross-sectional area by plaque 
_ (Table II). In the saphenous vein grafts and native cor- 


onary arteries in all 5 categories of cross-sectional area 


-narrowing there was no significant change noted across 

time, i.e., from bypass operation to death. Comparing 
patients with symptoms of myocardial ischemia such as 
angina pectoris or acute myocardial infarct late (>1 


gi year) after bypass operation to those patients without 
` symptoms disclosed no difference in the number of 5- 


mm segments narrowed significantly, i.e., >75% nar- 


rowing of cross-sectional area, in the saphenous veins 
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crease in cellular fibrous tissue (Fig- 


© CALCIFIC DEPOsITS: The mean percentage of calcific 
_ deposits in all plaques of the saphenous veins was <1%, 
_ and in the native coronary arteries, 8.5%. The mean 
percentage of calcific deposits in both increased as the 
_ degree of cross-sectional area narrowing increased. 

PULTACEOUS DEBRIS (EXTRACELLULAR LIPID): In the sa- 

phenous vein grafts pultaceous debris was found in the 

-~ plaques in 13 of the 19 men. In these 13 men, the mean 
percentage of pultaceous debris in all plaques of the sa- 
phenous vein grafts was 6%. Extracellular lipid was not 
found in a saphenous vein graft in any of the 4 patients 
in whom the graft had been in place for <26 months. In 
the coronary arteries pultaceous debris was present in 
the plaques in 17 of the 19 patients. In these 17 pa- 
tients, the mean percentage of pultaceous debris in all 
plaques of the coronary arteries was 3%. The mean per- 
centage of pultaceous debris increased as the degree of 
cross-sectional area narrowing increased. 

FOAM CELLS (INTRACELLULAR LIPID), FOAM CELLS WITH 
LYMPHOCYTES AND INFLAMMATORY INFILTRATES WITHOUT 
FOAM CELLS: The mear percentage of foam cells in all 
plaques of the saphenous vein grafts and native coro- 
nary arteries was 0.9 and 0.2%, respectively, Usually 
they were located on or near the borders of the lumen. 
The mean percentage of foam cells with lymphocytes 
was 0.3% in all plaques-of the saphenous vein grafts and 
0.1% in those of the native coronary arteries: the mean 
percentage of pure inflammatory cells was 0.2% in all 
plaques of the grafts and 0.1% in those of the native 
coronary arteries. 

Development of plaque composition over time: The 
results are summarized in Table IV, and in Figures 1 to 
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sponse for cellular and dense fibrous tissue at specified 
times after bypass operation along with the pointwise 
95% confidence intervals. One year after bypass opera- 
tion cellular fibrous tissue comprised a higher percent- 
age of the plaques in the saphenous vein grafts com- 
pared with the plaques in the native coronary arteries (p 
<0.05); dense fibrous tissue comprised a lower percent- 
age of the plaques in the saphenous vein grafts com- 
pared with the plaques in the native coronary arteries (p 
<0.05). With time, the mean percentage of cellular fi- 
brous tissue in the grafts decreased, and that of dense 
fibrous tissue increased. At 82 months (about 7 years) 
after the bypass operation, the mean percentage of cel- 
lular and dense fibrous tissue in the plaques of the sa- 
phenous vein grafts was within the confidence interval 
of the mean percentage of the native coronary arteries 
(p = not significant). The mean percentage of cellular 
and dense fibrous tissue in the plaques of the native cor- 
onary arteries remained constant over the time interval 
from bypass operation to death. If divided into groups 
according to the time of survival after the bypass opera- 
tion (Figure 3), in patients surviving 14 to 26 months, 
the mean percentage of cellular fibrous tissue in all ve- 
nous plaques was 86% and that of dense fibrous tissue, 
13%; in contrast, in patients surviving 82 to 185 months 
the mean percentage of cellular fibrous tissue in all ve- 
nous plaques was 10% and that of dense fibrous tissue 
75%. In the native coronary arteries the mean percent- 
age of cellular fibrous tissue in all plaques in patients 
surviving 14 to 26 months was 7% and that of dense 
fibrous tissue 82%; in patients surviving 82 to 185 
months the mean percentage of cellular fibrous tissue in 
all native coronary artery plaques was 16% and that of 
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FIGURE 3. Graph showing the relation of plaque composition in saphenous vein grafts and in the native epicardial coronary 
arteries according to the time interval from bypass operation to death. In patients surviving <26 months cellular fibrous tissue 
was the dominant component in the plaques of the saphenous vein grafts. After 282 months the plaques of the saphenous vein S 
grafts consisted predominantly of dense fibrous tissue, similar to the plaque composition in the native coronary arteries. The | 
composition of the plaques in the native coronary arteries remained constant after bypass operation. The category “Other” in- | 
cludes foam cells plus lymphocytes and pure inflammatory infiltration. ; 
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dense fibrous tissue 71%, demonstrating no change of 
those plaque components in the native coronary arteries 
after bypass operation. 

The mean percentage of calcific deposits was signifi- 


cantly higher in the native coronary arteries than in the 


vein grafts. This relation did not change over time. The 
mean percentages of pultaceous debris and foam cells 
remained constant in the grafts and in the native coro- 
nary arteries from the time of bypass operation to death 
and did not appear to be significantly different in the 
venous grafts compared with the coronary arteries. 

intraluminal thrombus, intraplaque hemorrhage, 
and intraplaque multiluminal channels: The frequency 
of these 3 lesions in patients, in vessels (both saphenous 
vein grafts and native coronary arteries) and in 5-mm 
segments of both saphenous vein grafts and native coro- 
nary arteries is summarized in Table IV. The frequency 
of intraluminal thrombus and of intraplaque hemor- 
rhage was similar in both saphenous vein grafts and in 
native coronary arteries when analyzed from the stand- 
point of both patients and vessels, but was significantly 
different when examined from the standpoint of 5-mm 
segments. Thrombus was present, for example, in 7% 
(40 of 607) of all venous segments and in 2% (12 of 
797) of all native corenary artery segments (p <0.001); 
intraplaque hemorrhage was present in 6% (34 of 607) 
of venous segments and in 3% (21 of 797) of native 
coronary artery segments (p <0.05). Intraplaque multi- 
luminal channels wers significantly less frequent in sa- 
phenous vein grafts than in native coronary arteries 
when examined from the standpoints of both patients 
and 5-mm segments but not from the standpoint of ves- 
sels alone. Intraplaque multiluminal channels were pres- 
ent in 32% (6 of 19) of grafts in patients and in 74% (14 
of 19) of native arteries in patients (p <0.05); they were 
present in 4% (25 of 607) of all venous segments and in 
9% (72 of 797) of all native coronary artery segments (p 
<0.001). 

Although comparisons of intraluminal thrombus, in- 
traplaque hemorrhage, and intraplaque multiluminal 
channels between saphenous venous grafts and native 
coronary arteries from the standpoints of patients, ves- 
sels, and 5-mm segments did show some significant dif- 
ferences (in 4 of 9 possible comparisons, Table IV), all 
differences were produced because of the virtual ab- 
sence of the 3 lesions in the patients surviving 14 to 
26 months compared with those surviving 27 to 185 
months. For example, none of the 4 patients surviving 
14 to 26 months had intracoronary thrombi or multilu- 
minal channels and orły | of these 4 patients had intra- 
plaque hemorrhage (in 1 of 12 saphenous vein grafts 


and in 3 of 194 five-mm segments of saphenous vein). 


Indeed, comparison ef intraluminal thrombus, intra- 


plaque hemorrhage, and intraplaque multiluminal chan- 


nels among patients, saphenous vein grafts and 5-mm 
segments of saphenous vein grafts disclosed significant 
differences in all 9 comparative areas when comparing 
patients surviving 14 to 26 months versus those surviv- 
ing 27 to 185 months. In the native coronary arteries no 
differences in frequency of these 3 lesions were found 
irrespective of which time period was analyzed. 





DISCUSSION 

Composition of atherosclerotic plaques in the saphe- 
nous vein grafts of 19 men who underwent coronary by- 
pass operation and survived >1 year was examined and 
compared with that in the native coronary arteries in 
the same patients. The data indicate that virtually all 
saphenous veins in place as aortocoronary conduits for 
>1 year develop atherosclerotic plaques in each 5-mm 
segment of their entire lengths. Furthermore, the degree 
of narrowing in the saphenous veins of our 19 men was 
striking: of the 607 five-mm segments of the 41 veins 
examined, 117 (19%) had luminal narrowing >75% in 
cross-sectional area by plaque alone. No differences. in 
the amounts of significant (>75%) narrowing in the sa- 
phenous veins or in the native coronary arteries were 
observed in patients with compared to those without 
symptoms of myocardial ischemia (either angina pecto- 
ris or acute myocardial infarction) postoperatively. 

The length of time that the saphenous vein grafts 
had been in place in the aortocoronary position influ- 
enced the composition of the atherosclerotic plaques in 
these venous conduits. The younger plaques in the veins 
consisted predominantly of cellular fibrous tissue, 
whereas the older plaques in the veins consisted pre- 
dominantly of dense fibrous tissue. In the native coro- 
nary arteries the plaques consisted mainly of dense fi- 
brous tissue and remained constant throughout the time 
periods studied (Figure 4). Thus, the plaques in the sa- 
phenous vein grafts became similar to those of the na- 
tive coronary arteries over time. Intra- and extracellular 
lipids were infrequent in the plaques in both saphenous 
veins and native coronary arteries and their mean per- 
centages did not change as the time interval from by- 
pass operation to death increased. Calcific deposits were 
found at least 10 times less frequently in the plaques of 
the saphenous vein grafts than in those of the native 
coronary arteries. Intraluminal thrombus, intraplaque 
hemorrhage, and intraplaque multiluminal channels 
were found mainly in patients who had survived >26 
months after bypass operation. 

In summary, the amount of cross-sectional area nar- 
rowing did not change significantly after the saphenous 
vein grafts had been in place for >1 year. Therefore, it 
appears that the development of atherosclerotic plaques 
was a relatively fast process that within 1 year resulted 
in extensive luminal narrowing. Thereafter, the plaques 
did not increase significantly in size, but their structure 
changed, from predominantly cellular fibrous tissue to 
predominantly dense fibrous tissue. Because cellular fi- 
brous tissue has some reversible characteristics, as op- 
posed to dense fibrous tissue,!> plaques in vein grafts 
may have the potential for reversal during the first 7 
years after bypass surgery. 
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S S in Seen reports, coronary arteriography in pa- 
< tlents with left main (LM) coronary artery disease 
Cee (CAD) had a substantial risk, but recent reports 


suggest that arteriography in these subjects is 


2 ` gouw associated with a low mortality. The present 


study was performed to examine the periproce- 
dure mortality in patients with LMCAD undergo- 
ing catheterization, to compare the periprocedure 
mortality in these patients with that in subjects 
with less CAD and to identify the variables associ- 
ated with pericatheterization mortality in this pa- 
tient cohort. Of 4,009 patients undergoing elec- 
tive coronary arteriography from 1978 to 1992, 
176 had LMCAD. Of the 10 deaths during or 
within 24 hours of catheterization, 5 occurred in 
these 176 subjects. This periprocedure mortality 
of 2.8% in patients with LMCAD was >20 times 
that of those without LMCAD (0.13%). In compar- 
ison with the 171 patients with LMICAD who sur- 
vived, the 5 who died were older (67 + 8 vs 58 + 
12 years), and had more severe LMCAD (92 + 
10% vs 72 + 16%) and a lower cardiac index (1.9 
+ 0.4 vs 2.6 + 0.7 liters/min/m2) (p <0.05 for all 
3 variables). Thus, even in the 1980s and early 
1990s, patients with LMICAD have a high peri- 
catheterization mortality, especially those who are 
older and have severe LMCAD. 

(Am J Cardiol 1992;70:1388-1390) 


From the Department of Internal Medicine (Cardiovascular Division), 


the University of Texas Southwestern Medical Center, and the Cardiac 
Catheterization Laboratory, Parkland Memorial Hospital, Dallas, Tex- 
as. Manuscript received May 26, 1992; revised manuscript received and 










accepted July 9, | 
Address for . David Hillis, MD, Room CS 7.102, Univer- 
sity of Texas So 


fedical Center, 5323 Harry Hines Boule- 
_ vard, Dallas, Texa Se 


was associated with substantial periprocedure mor- 

tality, especially in patients with left main (LM) 
coronary artery disease (CAD) in whom it was as high 
as 10 to 15%.'2 Postmortem studies? demonstrated 
that severe narrowing of the LM coronary artery was 
common in patients who died during or shortly after 
cardiac catheterization. In the late 1970s and the 1980s, 
the overall pericatheterization mortality decreased to 
<0.3%, and in subjects with LMCAD, it was reported 
to be only 0.6 to 0.9%.5-7 However, other studies found 
that the pericatheterization mortality in patients with 
LMCAD continued to be distressingly high.®-? Similar- 
ly, we observed that the risk of coronary arteriography 
at our institution was extremely low in subjects with- 
out LMCAD, but markedly increased in those with 
LMCAD. Prompted by this observation, we performed 
the present study to examine precisely the pericatheter- 
ization mortality in patients with LMCAD, to compare 
the periprocedure mortality in these patients with that 
in those with less severe CAD and to identify the clini- 
cal, hemodynamic, angiographic and procedural vari- 
ables that were associated with periprocedure mortality 
in patients with LMCAD., 


METHODS 

Patient population: We reviewed the records of all 
patients undergoing elective coronary arteriography at 
Parkland Memorial Hospital from July 1978 to March 
1992. Patients undergoing emergent coronary arteriog- 
raphy for acute myocardial infarction were excluded 
from the study, as were those in whom arteriography 
was performed in conjunction with balloon angioplasty. 
In all patients, 5,000 units of heparin were administered 
intravenously immediately before coronary arteriogra- 
phy, and 4 to 6 injections of the left coronary. artery. 
were performed with ionic contrast material (Renogra- 


|: the 1960s and early 1970s, coronary E 


. fin). 


Variables assessed: Each patient’s age, sex, extent 
of CAD, left ventricular ejection fraction and proce- 
dure-related mortality were noted. CAD was defined as 
2.70% luminal diameter narrowing of a major epicardi- 
al coronary artery, and LMCAD was defined as >50% 
narrowing. For each patient with LMCAD, the follow. 
ing variables were assessed: (1) angiographic character- 
istics (presence of ostial narrowing and concomitant ste- 
noses of the distal coronary arteries), (2) hemodynamic 
variables (heart rate, mean systemic arterial pressure, 
left ventricular end-diastolic pressure, pulmonary arteri- 
al wedge pressure and cardiac index), (3) procedural 
variables (technique [brachial or femoral] for coronary 
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clinical variables (ongoing un- 





ee and (4) « 


TABLE I Pericatheterization Mortality According to the Extent of Coronary Artery Disease 


Extent of Coronary Artery Disease 


i gemeeg 


Luminal Irregularities; 


None No Significant Stenoses 1-Vessel 


920 
49+12 


No. of pts. 
Age (year) 
No. of men (%) 380 (41) 
LVEF (%) 61 + 17 
No. of deaths 1 

% mortality 0.11 


All data are mean + 1 SD. 
LVEF = left ventricular ejection fraction. 


stable angina or the need for intravenous nitroglycerin). 
Procedure-related mortality was defined as death dur- 
ing or within 24 hours of coronary arteriography. 

Statistical methodology: All data are reported as 
mean + 1 SD. Categoric variables were analyzed with 
Fischer’s exact test. Continuous variables were analyzed 
using a Mann-Whitney U test!° (for comparing surviv- 
ing and nonsurviving patients with LMCAD) and a t 
test (for comparing those with and without LMCAD). 
For all analyses, a p value <0.05 was considered signifi- 
cant. 


RESULTS 

The mortality data for subjects with CAD of varying 
severity are displayed in Table I. Of the 4,009 patients 
undergoing coronary arteriography, 176 (4.4%) had 
LMCAD. In comparison with the 3,833 subjects with- 
out LMCAD, the 176 with LMCAD were older (53 + 
11 vs 58 + 12 years; p <0.05). Left ventricular ejection 
fractions were similar (57 + 16% for those without and 
56 + 16% for those with LMCAD; p = not significant). 
Ten deaths occurred during or within 24 hours of cathe- 
terization; 5 occurred in patients with LMCAD. Two of 
these 5 patients died in the catheterization laboratory, 
whereas the other 3 expired after leaving the laboratory. 
The periprocedure mortality in patients with LMCAD 
was 2.8%, >20 times higher than the 0.13% in those 
without LMCAD. Although subjects with LMCAD 
constituted <5% of all patients, half of all procedure- 
related mortality occurred in them. 

In Table II, the 5 patients with LMCAD who died 
during or within 24 hours of catheterization (group I) 
are compared with the 171 with LMCAD who survived 
(group II). Patients who died had more severe stenoses 
of the LM coronary artery (92 + 10% luminal diameter 
narrowing for group I and 72 + 16% for group II; p 
<0.05), were older (67 + 8 vs 58 + 12 years; p <0.05) 
and had a lower cardiac index (1.85 + 0.37 vs 2.55 + 
0.65 liter/min/m?; p <0.05). 


DISCUSSION 

Increased pericatheterization mortality in patients 
with left main coronary artery disease: The data show 
that patients with LMCAD have a markedly increased 
risk of death during or within 24 hours of coronary arte- 
riography. Patients with LMCAD had a periprocedure 
mortality of 2.8%, >20 times that of subjects with 0-, 


2-Vessel 


3-Vessel 


874 

56 + 10 

507 (58) 

52 + 16 
2 
0.23 


Left Main 


176 

58 + 12 

106 (60) 

56+ 16 
5 
2.84 


All Patients, 
Except Left Main 


3,833 
53+ 11 
2,012 (52) 


All 
Patients 


4,009 
Saz ll 


57 + 16 


0.13 


2,118 (53) 





TABLE H Comparison of Patients with Left Main Disease With 
(group D and Without (group I!) Pericatheterization Mortality 


Age (year) 


Male sex (%) 


Group | 
(death) 
(n = 5) 


67 +8 
5 (100) 


Group II 
(no death) 
(n = 171) 


58 + 12 
101 (59) 


Coronary artery disease 
Left main % luminal diameter 
narrowing 
Ostial involvement (%) 
0-vessel (%) 
1-vessel (%) 
2-vessel (%) 
3-vessel (%) 
Heart rate (beats/min) 
Mean systemic arterial pressure 
(mm Hg) 
LV end-diastolic pressure (mm 
Hg) 
Mean pulmonary capillary 
wedge pressure (mm Hg) 
LV ejection fraction (%) 
Cardiac index (L/min/m?) 
Brachial approach (%) 
Unstable angina (%) 


92 + 10 T&E 16 
1 (20) 
1 (20) 
1 (20) 
2 (40) 
1 (20) 
63+ 14 
84 +17 


58 (34) 
22 (13) 
33 (19) 
48 (28) 
68 (40) 
71+ 14 
96+15 


19+5 I&S 


14 +9 11+6 
39 + 30 56.+,15 NS 
1.85 + 0.37 2.55+0.65 0.043 
3 (60) 47 (27) NS 
2 (40) 43 (25) NS 


All data are mean + 1 SD. 
LV = left ventricular; NS = not significant. 





1-, 2- or 3-vessel CAD (Table I). The recently published 
data from the Society of Cardiac Angiography and In- 
terventions showed only a 0.6% pericatheterization mor- 
tality in patients with LMCAD,*’ but other centers’? 
found a substantially increased periprocedure mortality 
in them (2.8% at Temple University, and 1.6% at the 
Mayo Clinic). Although the registry reports a large 
number of patients, the data were obtained from multi- 
ple institutions so that the angiographic assessment of 
the severity of CAD may not have been consistent. Fur- 
thermore, the data were obtained and analyzed retro- 
spectively, thus introducing the possibility of selection 
bias. Finally, the registry may be vulnerable to the re- 
porting of data only by centers with good results; those 
with marginal or poor complication records may have 
chosen not to contribute to a multicenter registry for 
fear of embarrassment or criticism. Our series reflects 
the experience of 1 catheterization laboratory that has 
been under the direction of the same physician for the 
14 years of data acquisition. The periprocedure mortali- 
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ty of only 0.13% in patients without LMCAD attests to 
our laboratory’s overall safety; thus the high mortality 
in those with LMCAD cannot be attributed to poor 
technique. 

Variables associated with increased periprocedure 
mortality in patients with left main disease: In compar- 
ison with patients with LMCAD whose catheterization 
was uneventful (group II), the 5 who died during the 
pericatheterization period (group I) were older, and had 
more severe narrowing of the LM coronary artery and a 
lower cardiac index (Table II). The groups were similar 
in sex, extent of associated CAD, heart rate, mean sys- 
temic arterial pressure, left ventricular end-diastolic 
pressure, pulmonary arterial wedge pressure and left 
ventricular ejection fraction (Table II). 

Two previous studies®? attempted to identify the 
variables associated with pericatheterization complica- 
tions in patients with LMCAD, only 1 of which? specifi- 
cally assessed the occurrence of periprocedure mortali- 
ty. In 107 patients with LMCAD, Gordon et al? found 
that 11 had major periprocedure complications. Angina 
in the 24 hours before catheterization and proximity of 
the LM stenosis to the catheter tip were associated with 
the occurrence of major complications, but the severity 
of stenosis was not. Ko et al? compared 21 patients with 
LMCAD who died within 48 hours of catheterization 
with 85 subjects with LMCAD randomly selected from 
a larger group of survivors. As in our study, patients 
who died were older than those who survived. There was 
no difference in the severity of LM stenosis. Other pre- 
dictors of early death after arteriography included a 
shorter duration of unstable angina, a higher left ven- 
tricular end-diastolic pressure, a lower left ventricular 
ejection fraction and the presence of concomitant left 
circumflex disease. 

Clinical implications: Even in the “modern era” of 
cardiac catheterization (the 1980s and early 1990s), pa- 
tients with LMCAD have a high pericatheterization 
mortality (2.8%), many times greater than that of sub- 
jects with CAD that does not involve the LM coronary 
artery. As a result, patients with LMCAD should be 


managed aggressively during and after catheterization, 
especially older subjects with severe stenoses of the LM 
coronary artery. Due to the particularly high pericathe- 
terization mortality in these patients, a strategy of im- 
mediate (rather than elective) bypass surgery should be 
considered. Because these patients usually are not iden- 
tified before catheterization, they may undergo coro- 
nary arteriography in freestanding or mobile catheter- 
ization laboratories that do not have appropriate surgi- 
cal support for patients whose periprocedure mortality 
approaches 3%. Therefore, these facilities should have 
efficient working arrangements with a hospital with car- 
diovascular surgical capabilities, so that patients with 
LMCAD at high risk are referred immediately for 
prompt bypass grafting. 
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-The importance of the timing and completeness of 
coronary artery reperfusion for limitation of acute 
-myocardial infarction (AMI) size after intravenous 
_ thrombolytic therapy was studied in 39 patients. 
All had electrocardiographic epicardial injury and 
acute coronary angiography performed <8 hours 
after symptom onset. Acutely jeopardized myocar- 
dium was estimated at baseline, and before and 
after angiography by quantitative ST-segment 
analysis. The AMI size was estimated on the final 
_electrocardiogram by the Seivester QRS score. 
Left ventricular ejection fraction was measured at 
the time of acute angiography and before dis- 
charge in 31 of these patients. In the 21 patients 
with normal flow (Thrombolysis in Myocardial In- 
farction [TIMI] trial grade 3) in the infarct-related 
artery, the amount of jeopardized myocardium de- 
creased from baseline to that before and after an- 
giography (17 to 11 and 11%, respectively; p 
<0.00005), and the median final AMI size was re- 
` duced (17 to 9%; p = 0.0004). In 6 patients with 
suboptimal flow (TIMI grade 2), the median 
amount of jeopardized myocardium decreased 
_ slightly from baseline to that before to after angi- 
` ography (15 to 12%); however, the median final 
AMI size was not reduced ( 17%). in 12 patients 
with no reperfusion (TIMI 0 to 1) flow, the median 
‘amount of jeopardized myocardium remained un- 
-changed from baseline to that before angiography 
` (21%), and the final AMI size was not significantly 
reduced. There was a significant inverse correla- 
tion between the change in global left ventricular 
function and the difference between electrocardio- 
‘graphic estimated jeopardized and final AMI size 
(ts = —0.53; p = = 0.008). The final AMI size in the 
- TIMI 3 group was 47% smaller than in the com- 
i bined TIMI 0 to 1 and 2 groups (p = 0.057). These 
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findings suggest that only early and complete AMI 
reperfusion will result in myocardial salvage. 
(Am J Cardiol 1992;70:1391-1396) 


everal clinical studies have documented the efficacy 
of thrombolytic therapy in achieving reperfusion, 
limiting acute myocardial infarct (AMI) size, 
preserving left ventricular function and improving sur- 
vival.!-5 Limitation in AMI size has been shown to oc- 
cur predominantly when therapy is begun early after 
the onset of symptoms.?56 However, the relation be- 
tween the degree of the reperfusion achieved by throm- = 
bolysis and quantitative estimates of myocardial salvage Eoo 
has not been extensively assessed in a clinical study? 
Global ventriculographic methods have frequently been —— 
used to assess myocardial salvage,! but recent studies — 
have proposed an electrocardiographic method for esti- 
mating myocardial salvage after thrombolytic thera- 
py. 8-12 The amount of acutely jeopardized myocardium 
is estimated by formulas considering quantitative as- 
pects of ST-segment elevation,®” and the amount of 
subsequently infarcted myocardium as estimated by a 
ORS score.!213 A final QRS-estimated AMI size lower 
than that predicted by the initial ST-segment deviation 
suggests that myocardial salvage has occurred.!° The | 
present study tests the hypothesis that both the degree — 
and the timing of coronary artery reperfusion during e 
AMI relates to myocardial salvage. 








METHODS ; 
During an 8-month period consecutive patients ad- 
mitted to the interventional cardiac catheterization lab- 
oratory at Duke University Medical Center for evalua- 
tion of AMI were considered for the study. The 39 pa- 
tients meeting the following criteria were included: (1). 
chest pain of 230 minutes’ duration unresponsive to 
sublingual nitroglycerin, (2) electrocardiographic evi- 
dence of epicardial i injury defined as 20.1 mV ST-seg- 
ment elevation in 22 contiguous leads; and (3) acute 
cardiac catheterization performed <8 hours after symp- 
tom onset. Patients were excluded if they had (1) previ 
ous AMI, (2) bundle branch or fascicular block 
(3) ventricular hypertrophy. 14 Most of the stud 
tients initially received intravenous thrombolytic the 
py. Subsequently, patients underwent immediate ca 
ac catheterization at Duke University Medical Center 
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eee (infarct ` i Ge? Grade Final ` Con i ON Seine ` After E one ER 
"PL Location ` RACH i IRA Flow IC Rx TIMI trast RNA Baseline. SE - Inten. E CES 





Së) Aes BC LAD 3 3 46 32 21 21 
43. A. tPA LAD 3 3 49 26 17 
5 (UR Right 3 3 49 22 16 
poe Loo "Pé Right 3 PTCA 3 60 57 14 11 
:9 A UK LAD 3 3 36 29 12 3 
"A A SK LAD 3 3 37 43 17 i2 
AL "SR Right 3 3 64 17 7 
48 A mn LAD 3 3 56 17 17 
8 i tPA + UK Right 3 3 39 69 12 10 
RA A UK LAD 3 3 46 55 17 0 
E A SK LAD 3 3 68 73 17 0 
23, | tPA Right 3 3 48 35 15 8 
25 A tPA+UK LAD 3 3 47 48 12 12 
29. | tPA LC 3 3 47 72 17 11 
= At A tPA+UK LAD 3 3 48 45 21 26 30 15 
32 tPA LC 3 3 51 54 15 9 0 3 
34 ! UK Right 3 2 56 71 7 1 Li O 
35 A UK LAD 3 3 46 59 26 17 17 15 
37 | tPA Right 3 3 38 55 22 0 0 3 
38 ! tPA Right 3 3 43 49 13 il 0 18 
39 A SK LAD 3 3 47 49 21 12 12 18 
12 A tPA LAD 2 UK 3 39 34 17 17 17 21 
14 | SK Right 2 PTCA 2 59 53 19 15 11 12 
20 A tPA LAD 2 3 44 46 17 21 21 24 
26 tPA Right 2 tPA 3 57 73 11l 10 9 3 
27 | tPA+UK LC 2 2 55 11 “0 0 0 
28 | SK LC 2 2 35 37 12 0 0 24 
36 A tPA LAD 1 PTCA. 3 48 30 26 26 30 
1 A SK LAD 0 PTCA 2 33 32 26 26 26 30 
4 A UK LAD 0 3 A4 26 26 0 15 
7 i tPA Right 0 PTCA 3 54 15 10 0 3 
8 UK Right 0 2 49 55 24 20 14 12 
10 | tPA + UK LC 0 UK 3 36 39 13 11 8 42 
13 A tPA LAD 0 UK 3 44 24 30 26 26 30 
15 A SK LAD 0 SK 0 46 53 21 21 17 15 
16 | tPA Right 0 3 59 57 H 17 13 18 
24 A tPA LAD 0 3 43 39 21 21 17 18 
30 A LAD 0 SK 3 50 34 17 21 12 9 
33 | tPA LC 0 PTCA 3 57 85 16 15 15 0 


A = anterior; |= inferior; IC = intracoronary; Interv, = intervention; IRA = infarct-related artery; IV = intravenous; LAD = left anterior descending coronary artery; LC. = ale 
circumflex coronary artery; LVEF = left ventricular ejection fraction; PT CA = percutaneous transluminal coronary angiography; RNA = radionuclide angiography; Rx = therapy; TIM = 


Thrombolysis in Boece Infarction trial; tPA = altaplase; SK = streptokinase; UK = urokinase. 





ae S Thrombolytic. therapy: Thrombolytic agents were Left ventricular function: Initial left ventricular ejec- a 
Se administered initially through the intravenous route, tion fraction was determined by the area-length meth- ` 
~ promptly after the baseline diagnostic electrocardio- od!® from the recorded contrast biplane ventriculogram. ` 
` gram: tissue plasminogen activator (n = 17), streptoki- Final left ventricular ejection fraction was measured 
‘nase (n = 9), urokinase (n = 7), and a combination of at rest using multigated radionuclide angiography be- ` 
our urokinase and tissue plasminogen activator (n = 5). One tween days 5 and 13. ‘Left ventricular ejection fraction ` 
atic did not receive > thrombolytic therapy b before was calculated from the end- Jiastolic and end-systolic ` 
diac cathe counts on the time-acçtivity cur re ` oro 
oblique view. Interpretations. were made by an indepen- 7 
dent. observer unaware of patient’ s clinical data. ` 
bie analysis: Serial electrocardio- 
grams were recorded during the first hours after admis- 
sion. They were read by 2 independent. investigators ` 
who were unaware of treatment strategy and clinical 
outcomes. Four specific electrocardiograms were identi- 
gra the fied: (1) the electrocardiogram showing maximal ST- ` 
— for aon a T hoses wi ith. Perlen < T IMI eege 3 flow Segment deviation before initiation of thrombolytic ther- ` 
: after diagnostic angiography received further pharma- ap was considered “baseline”; (2) the electrocardio- _ 
_ cologic and mechanical intracoronary therapy to im- gram recorded within 5 minutes of the first diagnostic ` 
prove o flow, SÉ arteriogram was considered * “pemansiography" HI A 
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TABLE H Patient Characteristics 


TIMI O~1 
{n = 12) 


Age (year) (range) 

infarct artery ` 
Left anterior descending 
Right 
Left circumflex 

Thrombolytic agent 
Alteplase ` ` 
Streptokinase 
Urokinase. ` 

Altepiase + urokinase 

None 

Time to electrocardiographic recording 
Baseline (min) (range) 
Preintervention (min) (range) 
Postintervention (min) (range) 
Final (days) (range) 





electrocardiogram recorded immediately after the pro- 
cedure was considered “post-angiography”; and (4) the 
last available in-hospital electrocardiogram was consid- 
ered “final.” The amount of jeopardized left ventricular 
myocardium was estimated from each of the baseline, 
-pre-and postintervention electrocardiograms. The fol- 
lowing formulas, which are based on the number (#) 
of leads with J point ST elevation (ST?) and the sum 
(CH of ST in mm were used for this estimation®: anteri- 
or AMI: % jeopardized = 3[1.5(# leads with ST?) — 
0.4]; inferior AMI: % jeopardized = 3[0.6(2 ST? in II, 
DL aVF) + 2.0}. 

The amount of infarcted myocardium was estimated 
from the final electrocardiogram using the Selvester 
ORS scoring system: % infarcted = 3 X QRS score 27 
Myocardial salvage was considered to have occurred 
-when the amount of finally infarcted myocardium. was 
smaller than the amount of acutely jeopardized myocar- 
dium. A 20% decrease has been proposed as a criterion 
for myocardial salvage, according to the formula!®: 


final % infarcted — baseline % % jeopardized 
baseline % jeopardized 
x 100 = % salvaged 


Data analysis: Statistical analysis was performed us- 


Si the Wilcoxon 1-sample and the Mann-Whitney 2- 
-sar nple rank-sum tests. Correlations are expressed by 






doae variables are presented by their actual 
-nü and summarized as percentages, and continu- 
-ous variables are presented as medians (interquartile 
- range). Two-tailed p values <0.05 were considered sig- 
- nificant. 


RESULTS 

=- "The study included 39 patients, 12 of whom had not 
Se achieved reperfusion (TIMI 0 to.1 group). The remain- 
_ing 27 patients had a patent | infarct-related coronary ar- 
tery. Six patients had TIMI grade 2 and 21 had TIMI 


59 (37-79) 


63 (43~110) 
303 (226-391) 
261 (201-310) 

3 (2-4) 


61 (44-65) 62 (35-72) 


2 
2 


66 (23-112) 
: 289 (262--361) 
266 (230-332) 
5 (3-6) 


49 (16-118) 
346 (215-390) 
316 (194-353) 
SG 


Relation between grade of reperfusion and ventric- 
ulographic estimates of myocardial salvage: All pa- 
tients had an initial contrast ventriculogram and 31 had 
the final radionuclide ventriculogram. Figure 1 shows 
the paired ventriculographic data of the 3 groups. There 


is a trend toward greater increase in the difference be- 


tween initial and. final left ventricular ejection fraction 
among the TIMI 0 to 1, to TIMI 2 and TIMI 3 groups 
(—7, +2 and +7%, respectively). 

Relation between grade of reperfusion and electro- 
cardiographic estimates of myocardial salvage: The — 
amount of jeopardized myocardium at baseline was not - 
statistically different among the 3 groups (Figure 21. 
Twenty-one patients demonstrated complete perfusion 
(TIMI 3 group) on the first arteriogram (top panel). 
From baseline to the electrocardiogram. before angiog- 
raphy a significant decrease in the median amount 
of estimated jeopardized myocardium occurred (17 vs 
11%, p <0.00005). From the electrocardiogram before 
and after angiography, the median amount of jeopar- 
dized myocardium remained stable at 11%. The median 


amount of finally infarcted myocardium was signifi- 


% LVEF 
> oO 
Oo CH 
BRE PAEA ELEN E STENTS SEES 


nN 
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grade 3 flow. The patients’ characteristics are ‘listed in ët ve GC 


T able I and summarized in Table Il. 











SE are éen in is vi s a middle eg "There was 


‘diff ference inm dian amounts of jeopardized myo- 
ium between baseline and before angiography (15 
es epee ). Three patients subsequently ad- 

TIN AL g ade 3 flow during the interventional 





um as s estimated on the electrocardiogram after angiog- 
Se? decreased to 10%. The median amount of infarct- 
` ei “myocardium determined from the final electrocar- 
SEN diogram was similar to that estimated at baseline (17 vs 
E CH 
In patients with no perfusion (TIMI Q to 1 group) 
infarct. artery patency was restored in 11 of the 12 
patients, to either TIMI 2 (n = 2) or 3 (n= 9) flow. 
The amount of jeopardized myocardium remained un- 
changed from the baseline to the electrocardiogram be- 
fore angiography at 21% (Figure 2, bottom panel). Af- 
ter interventional catheterization the amount of jeopar- 









ee a 












CUTE JEOPARDIZE 
SE INFARCTED 
ifs) 


LJ Pre~intervention 


z= Final 


of ere moenia dn mined. “fror i n th be E 
electrocardiogram was not significantly less. than the 

amount jeopardized at baseline (17 vs 21%, p = 0.20) 
The median amount of infarcted Gees in. the 


ference between the change Í from: initial to final global Ké 
left ventricular ejection fraction and the change from — 
electrocardiographic estimated amount of baseline jeop- 
ardized to finally infarcted myocardium for the 31 pa- ` 
tients correlated inversely (r, = ~-0, 53; p= 0.008) (Fig 
ure 3). 

The ventriculographic data grouped according to the 
previously published!? method for identifying the pres- 
ence of myocardial salvage by electrocardiographic ert. ` 
teria are presented in Figure 4. Patients who met the — 
criterion of >20% decrease from acutely jeopardized — 
to finally infarcted myocardium had a median 6.3% ` 
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FIGURE 3. between (ECG) 
estimated salvage (A % ECG acute myocardial in- 
intravenous 
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FIGURE A. in-hospital change in global left ventricular ejec- 





tion fraction (A % wéi Ee tien! Ca) evidence o Ve Geet with 


“increase in percent left ventricular ejection fraction, 
whereas the remaining patients had a median 1.5% de- 
crease (p = 0.02). 


DISCUSSION 

This study showed that in patients with early and 
complete (TIMI 3 flow) reperfusion, as determined by 
early angiography, the final AMI size was reduced by 
about half when compared with the amount jeopardized 
at baseline. The exact time of complete reperfusion i in 
this group is not known, but as it appears in Table II, 
three fourths of these patients had obtained TIMI 3 
flow within approximately 5 hours after symptom onset. 
This is generally accepted as early reperfusion since 
myocardial salvage can be expected to occur. The final 
AMI size in patients with complete reperfusion was 
about half of that of the groups with no or incomplete 
-reperfusion (TIMI 0 to 2 flow). 

The present study potentially has an important im- 
plication because patients with TIMI grade 2 and 3 
flow in the infarct-related artery are often grouped to- 
gether in studies evaluating thrombolytic therapy.!!” 
The results presented raise the question of whether 
TIMI 2 flow provides sufficient myocardial reperfusion 
to reverse the course of events leading to infarction. Lee 
et AUS showed that the failure to achieve early and com- 
: plete reperfusion (i.e., TIMI 3 flow) independently dou- 
bled the risk of in-hospital mortality. In a recent study, 
Belenkie et al demonstrated the importance of not only 
early but also effective reperfusion after thrombolytic 
therapy. Patients who received: intravenous streptoki- 
nase within 2 hours of symptom onset but who demon- 
strated incomplete reperfusion on an angiogram ob- 
tained within 18 hours had a lower mean left ventricu- 
lar ejection fraction and a larger peak of creatine 
kinase-MB than those who had achieved complete re- 
perfusion. Also, Karagounis et al’ found no difference 
in either enzymatic or electrocardiographic indexes of 
AMI size among groups of patients with TIMI 0, 1 or 2 
flow within 4 hours after the start of thrombolytic ther- 
apy. Only patients with TIMI 3 flow had a significantly 
(about 25%) smaller AMI size than the other 3 groups 
combined.’ 

Another important implication of the present study 
is the timing of adjunctive therapy, such as rescue per- 
- cutaneous transluminal coronary angiography, to pro- 
vide complete reperfusion in patients with initially in- 
complete reperfusion. Belenkie et alf noted that myo- 
cardial salvage did not occur after delayed (up to 18 
hours) restoration of complete reperfusion. It is surpris- 
ing that the earlier intervention within 8 hours to rees- 
tablish complete reperfusion in the present study did not 
` result in myocardial salvage. Current studies are exam- 
-ining the role of rescue percutaneous transluminal coro- 
nary angioplasty after thrombolysis. 

Several studies have shown the importance of in- 
farct artery patency on left ventricular ejection fraction 
and both short- and long-term patient prognosis.'?2 
Schröder et al!? found that a patent infarct-related cor- 
onary artery 1 month after AMI was associated with a 
higher global left ventricular ejection fraction even in 
patients who had late reperfusion. Dalen et al? showed 






that patients with a closed infarct artery on. minutes SN 
ter initiation of thrombolytic therapy, when compared ` 
to patients with open arteries, had a mortality rate more ` 
than double at 21 days after hospitalization. This ten, 
dency was maintained at 6- and 12-month follow-up. In ` 
their report an open artery was defined as having TIMI ` 
grade 2 or 3 flow. In a controlled study, Simoons et al? ` 
found that the enzymatic evidence of myocardial sal- ` 
vage decreased as the time from symptom onset to` 
thrombolytic therapy increased. In their study no evi- ` 
dence of myocardial salvage was found in patients treat- 
ed beyond 4 hours of symptom onset. The present study ` ` 
in which each patient served as his own control confirms ~ 
this observation. Myocardial salvage was most pro- 
nounced in patients who had angiographically docu- 
mented complete reperfusion within approximately 4 
hours (Table II) from the onset of symptoms. 

These results should be interpreted with caution. 
The sample size is small and considers only the subset 
of patients with first AMI and without confounding fac- 
tors on the electrocardiogram. The fact that patients 
with early incomplete reperfusion seldom exhibit evi- 
dence of myocardial salvage does not mean that late 
reperfusion i is without benefit with regard to long-term 
prognosis. Studies have suggested that infarct artery pa- 
tency achieved beyond the time period when myocardial 
salvage can be expected may be important.'4!° The 
present study and the study by Karagounis et al suggest 
that the intervention aimed at reperfusion after unsuc- 
cessful intravenous thrombolysis may be performed on a 
nonemergent basis. 

The ventriculographic changes indicating myocardi- 
al salvage did not reach statistical significance in this 
small study. However, because of the results in much 
larger trials evaluating thrombolytic therapy, this is not 
surprising.'?! The apparent dissociation between the 
clinical outcome of patient cohorts and their left ven- 
tricular ejection fraction further stresses the need for 
alternative end points for evaluating different thrombo- 
lytic treatment strategies. In our study, estimation of 
left ventricular ejection fraction was performed by 2 dif- 
ferent methods that have been shown to be compara- 
ble. Regional wall motion might have served as a 
more sensitive indicator of myocardial salvage,*! but 
was unfortunately not available for paired comparison 
in the present study. 

The results of the present study suggest that early 
and complete reperfusion is important if myocardial sal- 
vage is the therapeutic goal. Future studies examining 
reperfusion therapy should place a greater emphasis on ` 
the attainment of normal perfusion during the early | 
phase of AMI. Se 
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e 
To characterize the early (1 week) and late (6 
weeks) changes in left ventricular (LV) filling pat- 
tern associated with acute myocardial infarction 
(AMI) 45 patients (mean age 65 + 2 years) were 
studied by Doppler echocardiography. Based on 
clinical criteria, patients were divided into those 
with large (group L; n = 12) and those with small 
(group S; n = 33) infarcts and then compared with 
16 age-matched control subjects. The following 
parameters were calculated from the mitral veloci- 
ty waveform: (1) peak early and peak atrial veloci- 
ties and their integrals; (2) peak early to atrial ve- 
locity ratio and velocity integral ratio; and (3) the 
pressure half-time of the early wave. One week af- 
ter AMI, group L showed a decreased atrial and 
increased early velocity, velocity ratio and integral 
ratio, whereas the pressure half-time of the early 
wave was shorter than that in group S and in con- 
trol subjects. At 6 weeks group L showed a reduc- 
tion in early velocity, early to atrial velocity ratio 
“and integral ratio, whereas pressure half-time in- 
‘creased. When groups S and L were combined 


there was a good inverse correlation between 
pressure half-time and infarct size as measured by 
peak enzyme release (r = —-0.64, p <0.001). These 
data suggest that, depending on infarct size, pa- 
tients exhibit a “restrictive” filling pattern early 
after the acute event. This is manifested by the 
greater proportion of filling occurring in early 
“diastole, reflecting an overall increase in chamber 
stiffness. At 6 weeks, this pattern is less pro- 
nounced presumably due to the remodeling pro- 


(Am J Cardiol 1992;70:1397-1401) 
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te Changes in Left Ventricular 
A Myocardial Infarction and the 
- Effect of Infarct Size Í 
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patients are summarized in Table I. A group of 16 agi 


control group. ` 


© LEFT VENTRICULAR FILLING AFTER MYOCARDIAL 








'yocardial ischemia and infarction may cause 
Mie systolic and diastolic left ventricular 
(LV) dysfunction.'-* Increasingly, attention > 
has been accorded to diastolic dysfunction, since LV — 
diastolic properties may have a substantial effect on the oe 
overall performance of the heart after acute myocardial 
infarction (AMI). The size of the infarct zone has been 
shown to influence the diastolic filling pattern, with 
the large infarcts exhibiting a “restrictive” filling pat- 
tern. Moreover, it is apparent that early infarct zone 
expansion and thinning, followed by the formation of 
scar tissue and the remodeling process, would be expect- 
ed to alter LV chamber characteristics.’-!° Therefore, it 
could be argued that the characterization of LV filling 
after AMI depends on when the observations are made 
after the acute event. Despite some limitations, Doppler 
echocardiography provides a useful noninvasive tool 
for the repeated assessments of LV filling characteris- 
tics.!!-13 To explore the evolution of changes in the fill- 
ing pattern, we prospectively obtained filling patterns] 
and 6 weeks after AMI in 45 patients. o E 


METHODS 
Patients: Forty-five consecutive patients (34 men, 
cruited for this study. Patients with atrial fibrillation, ` — GG 
significant mitral valve disease, recurrent ischemia, op 
poor quality Doppler signals were excluded. F 
For the purposes of analysis, patients were classified ` 
into 2 groups. The first group consisted of 12 patients 
who had large infarcts (group L) according to clinical = 
criteria. They were in Killip class II to TH or developed 
extensive electrocardiographic changes (QS waves in 
>4 adjacent leads), or both, and had mainly anterior ` 
infarcts (10 of 12 patients). The second group consisted = 
of 33 patients with small infarcts (group S) with none of "EE 
the aforementioned clinical criteria. This classification ` 
was done by 1 of the investigators who was unaware of | 
the Doppler findings of these patients. This clinical divi- _ 
sion of infarct size was reflected by the difference in 
the peak aspartate transaminase release between the 2 
groups (553 + 59 vs 21 2 + 22 U/liter; p <0.001 large 
vs small). The clinical characteristics of the 2 groups of 




















matched (63 + 2 years) normal subjects served as the 





able mechanical sector scanner (MI 1000 Ausonics, 
(Vingmed, Norway) using a 2.5 MHz transducer. The 


haracteristics of Patients 


E Age (years) ` 
Semi  o 
marc site ` ` 

Anterior 
inferior 
Non-Q-wave — 

Peak AST (U/liter) 

Treatment 
Thrombolytic 
B blockers 22 (66%) 
Vasodilators 21 (64%) 
Diuretics 0 


553 + 59* 
33 (100%) 10 (83%) 
5 (42%) 
6 (50%) 
3 (25%)t 
“ep <0.001, ip z005; group L versus group S, 
AST = aspartate transaminase: Group L = large infarct patients; Group S = small 
itfarct patients. 





heart was imaged in the apical 4-chamber view so that 


SE - the diameter of the mitral annulus was maximized. This 


_ was followed by Doppler interrogation of the mitral in- 
- flow velocities. Special care was taken to align the sam- 
ple volume as close to perpendicular as possible to the 
‘mitral annular plane, while ensuring its position at the 
_ tip. of the mitral leaflets to secure the highest velocity. 
The Doppler velocity profiles were recorded on magnet- 
ic tape for subsequent analysis on a fast-Fourier spectral 
-analyzer (Doptek, Chichester, United Kingdom). 

The following parameters (Figure 1) from the mitral 
flow velocity spectrum (average of 6 beats) were calcu- 
lated: (1) peak early and peak atrial velocities (cm /s); 
(2) early and atrial velocity integrals over time (cm); 
(3) peak early to peak atrial velocity and early to atrial 
velocity integral ratios. To correct for variation in heart 
rate, a major determinant of these ratios,'4!5 filling ra- 
tios were divided by their corresponding diastolic filling 
period (seconds). Correction of these ratios with the dia- 
stolic filling period was done since it has been demon- 
strated by Johannessen et al that only the diastolic peri- 
od rather than the RR interval appeared to normalize 


- Velocity 





TABLE H Diastolic Filling Parameters at One Week After 
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Myocardial Infarction 
Control 


(n= Ai, 
62+4 — 
76+ A 

0.8 + 0.1 
22 204 
8.9 + 0.7 
6.4 t04 
1.5 + 0.2 
3.80.3 


Group L 
(n= 12) 


C Groups ` 
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velocity; PE/PAc = corrected peak early to-atrial velocity ratio, PHTE = pressure 
half-time of early filling; other abbreviations as in Table |. 











PE (cm/s) 
PA (cm/s) 
PE/PA 
PE/PAc 

Ei (ern) 

Ai (cm) 
Ei/Ai 

Eu Ac 

















heart rate changes!®; and (4) pressure half-time of the f 
early filling wave (ms), which is the time from peak ` 
early filling velocity (PE) to the point when the velocity 
is PE/./2 when the pressure gradient has decreased to _ 
half. ? 
These parameters were recorded for each patient 1 
and 6 weeks after the time of hospital admission. All 
studies were performed while patients were taking their 
usual medications as directed by the responsible physi- 
cian, and all recordings were obtained 6 hours after the _ 
morning medications were taken. Patients in groups S 
and L were taking similar medication at 1 and 6 weeks 
(Table I). | | : 
The reproducibility has been evaluated in our labo- 
ratory previously and the standard deviation of the dif- 
ferences between repeat measurements taken 1 month 
apart were 4 and 8 cm/s for the peak early and peak 
atrial velocities, respectively, and 0.3 and 0.5 cm for the 
early and atria! velocity integrals. This also includes in- 
traobserver variability. 
Statistical analysis: Those who performed data 
analysis were unaware of the patient’s infarct size and _ 
the timing of the measurements after infarction. Com- 


parisons between group L, group S and the control `` 


group were made by l-way analysis of variance and _ 
only if this was significant. (p <0.05) was Students _ 
t test for unpaired observations applied between the 
groups. The comparisons between the first and second 
test were done by Student’s ¢ test for paired observa- 
tions. A p value <0.05 was considered Statistically sig- 
nificant. All data are presented as mean + SEM. 


RESULTS EN 

The data of the filling parameters for the control ~ 
group and the 2 patient groups at 1 week are listed in ` 
Table II. Apart from a decrease in the atrial velocity ` 


integral there were no differences between the control ` 


group and group S. However, group L showed a signifi- 
cantly higher peak early velocity, a lower peak atrial 
velocity and, consequently, increased peak early to atrial 


velocity ratio, The pressure half-time was decreased and ` 
the velocity integral ratio was increased compared with _ 


results in the control group and group S. Thus, a greater ` ` 








‘proportion of filling took place in early diastole, Whereas 
the contribution of the atrial contraction to overall fill- 
_ing was smaller (Figure 2). 
_ When groups S and L were combined, there was a 
direct relation between the peak enzyme release value 
(as a measure of infarct size) and the corrected velocity 
integral ratio (r = 0.53, p <0.001). Similarly, there was 
an inverse relation between peak enzyme and pressure 
half-time (r = —0.64, p <0.001) (Figure 3). The corre- 
lation between the peak enzyme value and the uncor- 
rected velocity and velocity integral ratios were weaker 
(r = 0.46 [p = 0.002] and r = 0.32 [p <0. 05), respec- 
- tively). 
< The filling parameters at 6 weeks are listed in Table 
: DL All ratios decreased and the pressure half-time in- 
-creased in group L at 6 weeks compared with the same 
; data at 1 week, so that the differences between groups L 
and S were less pronounced. The significance of this 
change in filling patterns is further underscored by the 
fact that the heart rate decreased in this group, which 
would have tended to increase rather than decrease the 
velocity ratios.!4!5 This suggests that the relative contri- 











- FIGURE 2. Examples of the filing patterns of 2 patients 1 

. “week after myocardial infarction: a), filling pattern of a patient 
- -with a large infarct. Despite the age (78 years) and the fast 
heart rate (79 beats/min), the peak earty to peak atrial veloci- 
` fe ratio is large; b), filling pattern of a patient with a small in- 
_tarct. The velocity ratio is as expected for age (70 years) and 
k heart rate (78 beats/min). 
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ution of atrial contraction to overall filling ad at 
6 weeks after AMI (Figure 4). 

-When patients with anterior wall Q-wave infarction 
(n = 17) were compared with the rest (those with inferi- 
or Q-wave and non-Q-wave infarctions; n = 28) the re- 
‘sults were similar. The filling parameters of these 2 
groups were also different (corrected velocity integral 
ratio, 5.3 + 0.7 vs 3.9 + 0.2, p <0.05; pressure half- 
time, 51 + 3 vs 63 + 3, p <0.005). 


AMT has immediate and long-term effects on LV 
` ` Chamber characteristics. In the canine heart and in hu- 
‘mans, ischemia is associated with an immediate and 
sustained increase in myocardial stiffness.!’-'!? In the 

first 24 hours after ligation of a coronary artery in rats, 
myocardial stiffness constants increased, but returned to 
normal within 3 days.!° Although a decrease in LV 
compliance has been observed in humans early after 
AMI,’ limited information is available about the evolu- 
tionary changes in LV diastolic properties after AMI. 
Despite the increasing realization that Doppler in- 

dexes of LV filling are only indirect measures of diastol- 

ic function, certain distinct filling patterns have been 








FIGURE 4. Example of the filling pattern of a patient a) 1 
week and b)6 weeks after a large anterior myocardial infarc- 
tion. In both studies the heart rate was similar (66 beats/min). 
Note that at 6 weeks the atrial contribution to filling increased 
and the “restrictive” pattem normalized. 
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seme: 20 In situations with jaw LV Be such ` 
as constrictive pericarditis and restrictive cardiomyopa- i 
thy, a specific filling pattern has been observed which is — 


characterized by a tall, narrow early filling wave witha ` 
high peak velocity and a shortened deceleration time, ` 
and a small atrial filling wave.'* It is perhaps not sur- ` 
prising, in view of the aforementioned effects of ische- ` 
mia on LV compliance, that the filling pattern in pa- 
tients with large infarcts resembled the filling behavior ` 


of those conditions with “restrictive physiology.” These 
findings are in agreement with 2 previous studies that 
showed a similar filling pattern in patients with large 
infarcts.>° 

The correlation of the peak aspartate transaminase 
levels and the velocity integral ratio and pressure half- 
time further supports the view that increasing infarct 
size is associated, at least within the first week after 
infarction, with restrictive filling patterns. Only in the 
large infarct group did the filling pattern change from a 
restricted pattern to a “less” restricted pattern at 6 
weeks after infarction, although the filling pattern re- 
mained abnormal when compared with that in the con- 
trol group. The evolutionary change in filling pattern is ` 
not easily explained. It is possible that the difference 
between the filling patterns between 1 and.6 weeks after 
infarction can be explained by the healing and remodel- 
ing processes within the infarcted and noninfarcted 
myocardium. At 1 week, the infarcted tissue is charac-. 
terized by edema and cellular infiltrates, causing the tis- 
sue to be less extensible. On the other hand, the infarct- 
ed tissue may become more extensible at 6 weeks as 
healing progresses. These explanations remain some- 
what speculative because changes in LV volumes or fill- 
ing pressures were not measured during the follow-up 
period. Further studies are required to substantiate our 
findings. 

Before accepting that these observations are valid, 
it is appropriate to consider some of the factors that 
may have influenced the filling pattern, independent of 
changes in diastolic function. Heart rate is one of the 
most important variables that affect the filling pattern 
in a study of this nature. As suggested by Johannessen 
et al,'© we corrected for this confounding factor by di- 
viding the ratios with the diastolic filling period. The 
decrease in heart rate at 6 weeks compared to 1 week 
after infarction, in the large infarct group, obscured the 
change in the filling pattern. When “corrected” for the 
diastolic filling period, a statistically significant change 
in the filling pattern was evident at 6 weeks (Table III). 

It is now well established that changes in LV preload ` 
affect the pattern of LV filling,” causing a decrease in 
the peak velocity ratio and the velocity integral ratio. 
Despite the fact that 3 of the 12 patients in the large 
infarct group received diuretic drugs, these ratios were 
increased compared with ratios in the control and small 
infarct groups. 
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` ` Teo evaluate the relation of the dose of intravenous 
dipyridamole on results of thallium and echocar- 


diographic testing, the results of standard- (0.56 
mg/kg/4 minutes) versus high- (0.84 mg/kg/10 
minutes) dose dipyridamole were obtained 9 + 3 
days after uncomplicated acute myocardial infarc- 
tion in 57 patients. New wall motion abnormalities 


SC were compared with redistribution of thallium im- 


aging and results of discharge coronary angiogra- 
phy. The sensitivity of thallium in predicting the 


: _ presence of multivessel coronary artery disease 


was significantly (p <0.01) higher (85%) than 
echocardiography (53%) and was unaffected by 


a - the dose. However the sensitivity of echocardiog- 
` taphy was better with the higher dose (53 vs 


14%). Minor adverse effects occurred in 34 pa- 
tients (59%) after receiving the high dose and 
only in 4 patients (7%) after the standard dose 

Ip <0.001). Thus, thallium-201 scintigraphy dur- 
ing standard-dose dipyridamole infusion is more 
effective than high-dose dipyridamole echocardio- 

graphic testing in sately identifying patients who 
could benefit from early invasive evaluation and 
therapy. 
(Am J Cardiol 1992;70:1402-1406) 
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coronary angiography in patients with compli- 

cated myocardial infarction, the strategy to be 
used in both asymptomatic patients and patients with 
well-preserved left ventricular systolic function after 
acute myocardial infarction is controversial.! A predis- ` 
charge low level exercise test is frequently used,” but its 
diagnostic accuracy is markedly lower compared. with 
standard maximal thallium-201 stress testing.>4 How- 
ever, a regular thallium-201 exercise test, achieving _ 


A ithough there is agreement in the indication for 


maximal levels of exercise, is not recommended before 3. 
weeks of the acute event." Dipyridamole infusion may ` ` 


be the preferred mode of stress in this patient popula- — 
tion. This test is well tolerated as early as 3 days after 
acute myocardial infarction® and allows early stratifica- 
tion of patients without the disadvantage of delaying in- ` 
vasive evaluation for 3 weeks in patients identified as 


having ischemia. However, the optimal intravenous dose ` 


during cardiac imaging remains undetermined.’*® The 

purpose of this study was twofold: (1) reevaluate the 
role and feasibility of dipyridamole infusion stress test 
with 2-dimensional echocardiography and thallium-201 
myocardial scintigraphy early after uncomplicated myo- 
cardial infarction; and (2) evaluate the relation of the 
dose of dipyridamole on the results of thallium and ` 
echocardiographic testing. 


METHODS 
Patient group: The patient group included 57 pa- ` 
tients consecutively discharged from the coronary care ` 
unit with the diagnosis of uncomplicated myocardial in- ` 
farction (Table I). RE 

Eligibility for the study was based on the absence of 
angina and silent ischemia documented by electrocar- 
diographic monitoring for =3 days and Holter monitor- 
ing for 48 hours in the early phase, and on the presence 
of well-preserved left ventricular systolic function (the _ 
lowest level of ejection fraction accepted was 0.45) doc- 
umented by gated blood pool scan. | 

All patients signed an informed consent approved by 
the Human Study Committee. 

Thallium-201 scintigraphy and 2-dimensional echo- 
cardiography using dipyridamole infusion for vasodila- 
tion were performed after 9 + 3 days of hospitalization 
(no later than the 12th day from admission). Selective 
coronary angiography according to our protocol was 
performed in all patients at 25 + 15 days from the 
acute event. 















Dipyridamole infusion protocol: The protocol used 
-was the one proposed by Albro et al.” Patients initially 
-received a standard dose of 0.142 mg/kg/min of dipy- 
-ridamole for 4 minutes (total dose 0.56 mg/kg) fol- 
lowed by 4 minutes of no dose and then 0.142 mg/ 
_kg/min for 2 minutes (total dose 0.84 mg/kg). When 
-combined with 2-dimensional echocardiography, the di- 
-pyridamole infusion test was performed in 1 single ses- 
gon, When the infusion stress test was combined with 
-thallium-201 imaging, 2 sessions were needed (Figure 
A 12-lead electrocardiogram. was monitored at 2- 











‘minute intervals before, during and after the infusion 
- for a total of 15 to 20 minutes. Blood pressure and heart 
“rate were recorded before and at 1-minute intervals 
` throughout the test. e, 
` Dipyr echocardiography: Conventional pro- 
< jections of 2-dimensional echocardiograms were per- 
‘formed using a Hewlett-Packard model 77020A wide- 
‘angle phased-array imaging system with a 2.5 or 3.5 
MHz transducer. The images were continuously record- 
ed during dipyridamole infusion. The test was consid- 
ered positive when transient asynergy of contraction oc- 
curred in a segment in which it was absent or present to 
- a lesser degree in the baseline examination. 

` _Dipyridamole thallium scintigraphy: After the infu- 
sion of either standard or high doses of dipyridamole, 
the patient was placed in the sitting position and 3 min- 
utes later 74 MBg of thallium-201 were injected. Planar 
thallium-201 imaging was initiated within 5 minutes of 
the injection using a large field-of-view gamma camera 
_(Diagnost A, Philips) equipped with a low-energy, high- 
resolution, parallel-hole collimator. 

~The images recorded were subdivided into 10 seg: 
ments and evaluated in the early and in the redistribu- 
tion phases by means of qualitative and quantitative 
analysis.!0-!2 
"Three observers evaluated the scan findings in a ran- 

domized manner considering the appearance of revers- 
ible perfusion defects in 1 or more segments to be an 
abnormal pattern, and evaluating the site of each defect 
in relation to the infarct zone. The studies with only 
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TABLE 1 Clinical Findings in 57 Patients with Uncomplicated < 
Acute Myocardial Infarction zt , 






B427 
47/10 

35 (61%) - 
5 (8%) 


Age (years) 
Men/women 
Thrombolysis 
Previous AMI 
Location of AMI 
Anterior 
inferior 
Lateral 


17 (30%) 
24 (42%) 
. 5(9%) f 
Non-Q-wave SS 11 (19%) ` 
Peak creatine phosphokinase activity 1,040 + 756 
ST-segment depression on Holter monitoring | 0 
Predischarge LVEF S  Op4rDGa0n ` 


AMI = acute myocardial infarction; LVEF = left ventricular ejection fraction. 






fixed perfusion defects and without further redistribu- 
tion at 24-hour imaging were considered negative. 


, arteriography: Selective coronary arteri- — E 


ography was performed with the Judkins or Sones tech- 


nique. Multiple views of each cor onary artery were eh, SS S 


tained, including craniocaudal views. All angiograms 
were interpreted by 2 experienced angiographers with- 
out knowledge of the dipyridamole imaging results. Dif- 
ferences in interpretation were resolved by consensus. 
Significant coronary stenosis was defined as >50% 


reduction in the luminal diameter of the left main, left ay 


anterior descending and left circumflex coronary arter- 
ies or right coronary artery or its branches. 


Stenosis severity was estimated in the projection in - S 
which it was most severe. The infarct-related artery was 


identified by consideration of the electrocardiogram and 
the location of wall motion abnormalities on ventric- 


ulography. Collateral vessels were determined to be 
present if any segment of the infarct-related artery was 


filled in a manner other than continuous anterograde 
fashion. "A | 

Statistical analysis: Data are expressed as mean + 
SD. Differences between paired data were analyzed by 
2-tailed paired 1 test, and differences between groups 
were analyzed by unpaired t test. Nonparametric differ- ` 
ences were examined using chi-square test. Sensitivity, 
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Ri 3 (5%) 6 (10%) NS 
ST- Gees depression 4 (7%) 14 (24%) <0,05 
: Peak HR 89 + 6 98 +12 NS: 
Peak HR x BP 10,105 + 1,890 11,918 + 2,640 NS 
Ha side effects 4 (7%) 34 (59%) <0.001 










; HR = “heart rate (beats/min; HR x BP = heart rate—blood pressure product; NS = 
` 1 not significant. 






| TABLE HI Comparative Sensitivity, Specificity and Accuracy of 
| Echocardiographic and Thallium Testing During Standard and 

High-Dose Dipyridamole Infusion in Predicting the Presence of 

Multivesse! Coronary Artery Disease 














Sensitivity Specificity Accuracy 


29/29 (100%) 






SD echo 4/28 (14%) 33/57 (57%) 











HD echo 15/28 (53%)  29/29(100%) 44/57 (77%) 
SD thallium 24/28 (85%) 27729 (93%) 51/57 (89%) 
HD thallium 24/28 (85%) 27/29 (93%) 51/57 (89%) 





HD/SD = high-dose/standard dose dipyridamole infusion. 


=> specificity and diagnostic accuracy were evaluated ac- 
_. cording to standard definitions, A probability value 
` <0.05 was considered to be statistically significant. 


RESULTS 
Response to dipyridamole: There were no severe un- 
desired reactions, deaths, recurrent infarctions, pro- 
longed angina or acute wheezing. The clinical and he- 
-modynamic changes produced by both standard- and 
high-dose dipyridamole are listed in Table II. 
Three patients (5%) had chest pain after receiving 
a standard dose of dipyridamole, whereas 6 patients 
(10%) had chest pain after receiving a high dose (p = 
not significant). ST-segment depression was detected in 
4 patients (7%) after receiving a standard dose and in 
14 (24%) patients after the high dose (p <0.05). Both 
peak heart rate and heart rate~blood pressure product 
were not significantly higher with the high than with 
_ the standard dose of dipyridamole. All chest pains and 
_ , ST-segment depressions required theophylline (102 + 
GC 48 mg, range 50 to 200), were reversed within 4 to 5 
_ minutes, and no adverse effects occurred from theophy]- 
— line infusion. 
Minor adverse effects such as nausea, dizziness, 
lushing, palpitations and paresthesia occurred in 34 pa- 
-tients (59%) after the high dose, whereas only 4 patients 
(7%) had adverse reactions after the standard dose (p 
Boe <0. 001). Four patients with nausea and 7 patients with 















ophylline with rapid. resolution of symptoms. 

Zë k hy: Coronary angiographic data 
` were available in all patients: 27 patients, 9 of whom 
` with occluded culprit artery and faint angiographic col- 
> laterals, had 1-vessel disease; 10 had 2-vessel disease, 18 
` had 3-vessel disease and 2 had angiographically normal 
=- arteries. In 4 of 28 patients with multivessel disease, oc- 
_ cluded infarct-related artery was detected. 
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-dizziness after the high dose were given 50 mg of the- 





zone of the electrocardiogram. 


Fifty-three (92%) and 33 (58%) patients Im <0.001 12 
had negative results on dipyridamole echocardiography. ` 
after receiving standard- and high-dose dipyridamole, SE 


respectively. 


Among patients who had positive results, 2 mechani- wees 
cal patterns could be identified: (1) new wall motion ` ` 
abnormalities were confined to the infarct zone or adja- 
cent segments (adjacent asynergy), and (2) new asyner- . 


gy remote from the infarct zone was detected (transient 
remote asynergy). Only 4 patients (8%) were considered 
positive after standard-dose dipyridamole infusion; in 
these patients with multivessel disease transient remote 
asynergy was observed. 

Multivessel coronary artery disease was present in 
all 15 patients with transient remote asynergy after 


high-dose dipyridamole infusion, whereas 13 patients ` 


without transient remote asynergy had multivessel coro- 
nary artery disease. | 

One-vessel disease was present in 9 patients. with 
wall motion abnormalities confined to the infarct zone, 
whereas in 18 patients with 1-vessel disease no new wall 
motion abnormalities were detected during high-dose 
dipyridamole infusion. 

Thallium scintigraphy: A normal perfusion pattern 


co oe u paticats i 
had ; bieti at the basal al echocardingrephis study and ` 
no asynergy at baseline was detected outside the infarct d 






was present in the 2 patients with angiographically nor- | 


mal arteries. 


Only fixed perfusion defects were detected in the — 
segments supplied by the occluded culprit artery. How- 


ever, redistribution was a frequent occurrence after both 


standard- and high-dose dipyridamole in 39 patients 
(68%), and the number, extent and severity of reversible 
perfusion defects were unaffected by the dose. 

In 15 of 27 patients with 1-vessel disease, reversible 
perfusion defects were confined to the infarct zone; 24 
of 28 patients with multivessel disease had transient 
perfusion defects outside the infarct zone, but in 2 pa- 
tients remote redistribution developed in a territory dif- 
ferent from the one supplied by the more stenotic non- 
infarct-related vessel. 

Thus, the sensitivity of transient remote asynergy in 
predicting multivessel disease was 53% and accuracy 


77%, significantly (p <0.01) lower than those of both ` 


standard- and high-dose dipyridamole thallium scintig- 
raphy (Table HI). 


DISCUSSION 

Although the mechanism whereby dipyridamole in- 
fusion stress test produced ischemia is well known,!3-20 
the optimal dose of this drug to be used has not been 
established. ”’ 

Our results from myocardial scintigraphy with thal- 
lium-201 and those from 2-dimensional echocardiogra- 
phy are very different. Thallium-201 was superior to 2- 
dimensional echocardiography in identifying patients 
with severe or extensive coronary artery disease. The 
standard dose of dipyridamole identified only 4 cases of 
echo positivity. In contrast, thallium-201 positivity was 


present in 39 patients. Although only speculative, the 
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extremely low incidence of echocardiographic positivity 
could be explained by the failure to attain a maximal 
coronary vasodilation with the standard dose of dipyrid- 
amole and consequent failure to induce more severe is- 
chemia resulting in wall motion abnormalities. 

Our hypothesis is further supported by the echocar- 
diographic data obtained during the high-dose infusion, 
which resulted in 20 new cases of ischemic ventricular 
dysfunction. Thus, it is often necessary to reach a criti- 
cal level of coronary vasodilation to induce ischemia and 
detect wall motion abnormalities.2!~? In contrast to 2- 
dimensional echocardiography, thallium dipyridamole 
positivity appears not to be dose-dependent. The revers- 
ible perfusion defects reflect regional differences in the 
coronary artery reserve,”’ but their presence is not al- 
-ways indicative of ischemia.”* However, the 24 patients 
who had positive results on 2-dimensional echocardio- 
graphic testing after receiving the large dose, had good 
‘agreement between the site of wall motion abnormali- 
«ties and the site of both reversible and fixed perfusion 
defects detected during standard dose thallium scintig- 
raphy (Figure 2). These findings underline the ischemic 
potentiality of the perfusion defects, confirm their unfa- 
vorable prognostic significance,” and serve as limited 
: validation for the visual echocardiographic method that 
was geed 28 At the time of the study an off-line video 
analysis system was not available in our laboratory. 

~ Tt is likely that thallium redistribution detected after 
` dipyridamole infusion is nothing but the most preco- 
~ cious phenomenon of the ischemic cascade. 
< Our assumptions are in agreement with an experi- 
` ence by Gimple et al?” who demonstrated that patients 


= with signs of ‘redistribution in myocardial segments be- 


` yond the necrotic area by thallium-201 dipyridamole 
-testing are at high risk for subsequent coronary events 
-* and can benefit from invasive evaluation. = 

- Furthermore, Brown et al?’ identified redistribution 


- within the infarcted segment using thallium dipyrida- 
mole as areas of ischemic potential in patients with a 
-need for invasive study and subsequent myocardial re- 
vascularization. 
Although our data and other experiences??? suggest 


that dipyridamole echocardiography is a poor screening 


test for detecting coronary artery disease compared with 
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thallium scintigraphy, one has yet to establish which of 
the 2 imaging methods may be preferred as noninvasive 
testing in early risk stratification after acute myocardial 
infarction, and which of the 2 should prompt coronary 
angiography. 

Undoubtedly, thallium scintigraphy can be safely 
performed only with standard-dose dipyridamole infu- 
sion, and is superior to dipyridamole echocardiography 
in identifying patients with multivessel coronary artery 
disease, even if one cannot directly translate anatomic 
information into coronary risk. However, the echocar- 
diographic technique is risk free and always available, — 
economically advantageous and more specific, but it re- : 
quires skilled technicians” and is frequently liable to ` 
observer bias which heavily limits its sensitivity and acc 
curacy. Furthermore, “clinicians appear less willing to ` Se 
tolerate a loss of sensitivity for a gain in specificity when 
a test is used for prognosis.”?! 
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SEENEN 
Myocardial ischemia may decrease conduction ve- 
locity and produce QRS prolongation in the sur- 
face electrocardiogram. In cases with normal in- 

_ traventricular conduction, areas of the myocardi- 
um contributing to the development of the S wave 
receive blood from all 3 major coronary arteries, 

-whereas in left anterior hemiblock or right bundle 
branch block, most of the blood supply to the 
areas of the myocardium contributing to the devel- 
opment of the S wave is from the left anterior de- 
scending (LAD) coronary artery. 

To test the hypothesis that the S wave will be 
prolonged with exercise only in patients with LAD 
coronary artery stenosis and left anterior hemi- 

“block or right bundle branch block, 88 patients 
with normal intraventricular conduction, 66 with 
left anterior hemiblock and 36 with right bundle 
branch block were studied. Sixty-four, 32 and 21 
patients had LAD, right and left circumflex coro- 
nary artery stenoses, respectively. In patients 
with normal coronary arteries, S-wave duration 
decreased with exercise regardless of the status 
of ventricular conduction. In patients with coro- 
nary artery disease and normal intraventricular 
conduction, the S wave was prolonged slightly 

with exercise, but in those with left anterior hemi- 
block and right bundle branch block, it was pro- 
longed significantly (12.5 + 6 and 10.4 ms, re- 
spectively) only in those with LAD, but not in 
those with circumflex or right coronary artery ste- 
nosis. S-wave prolongation in patients with LAD 
coronary artery stenosis and left anterior hemi- 
block or right bundle branch block most likely is 
related to exercise-induced ischemia in the areas 
of the myocardium contributing to the develop- 
ment of the S wave. 

(Am J Cardiol 1992;70:1407-1411) 
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Bruce protocol. During the procedure, leads Vi, aVF 
and Vs were continuously monitored on the oscilloscope, ` 






"q he S wave on the surface electrocardiogram repres. ` 
sents the last phase of ventricular depolarization. ` ` 
The areas of the myocardium contributing to the 
development of the S wave are different in patients with ` 
intraventricular conduction defect from those with nor- ` 
mal ventricular conduction.'~? Likewise, the blood sup- ` 
ply to the areas contributing to the development of the 
S wave is different in patients with normal ventricular `` 
conduction from those with left anterior hemiblock and 
right bundle branch blockt? (Figure 1). Previous stud- 
ies showed that myocardial ischemia decreases conduc- ` 
tion velocity in the ischemic areas and produces prolon- 
gation of the QRS complex in the surface electrocardio- 
gram}? E 
Therefore, it was hypothesized that patients with left 20 
anterior hemiblock or right bundle branch block will ` 
have a prolonged S wave with exercise only if they have 
left anterior descending (LAD), but not right or cir- 
cumflex, coronary artery stenosis. The present study 
was performed to test this hypothesis. 


METHODS | 
Study population: In all, 190 patients who had car- —— 
diac catheterization and an exercise test within 1 month © 
of each other as a part of diagnostic evaluation were — 
studied. Only patients with 1-vessel coronary artery dis- 
ease or normal coronary arteries were included in the 
study. Patients with valvular or congenital heart disease, 
left or right ventricular hypertrophy, left bundle branch ` 
block, ventricular preexcitation or history of cardiac e 
surgery, and those treated with digitalis were excluded 
before entry in the study. Se 
Of 190 patients, 117 had 1-vessel coronary artery ` a 
disease and 73 had normal coronary arteries. There —— 
were 88 patients with normal intraventricular conduc- 
tion, 66 with left anterior hemiblock, and 36 with com- 
plete right bundle branch block. Left anterior hemi 
block and right bundle branch block were diagnosed us- ` — 
ing the criteria proposed by the New York Heart 
Association Committee? ` : E 
Exercise protocol: Exercise was performed on a ` 
Quinton 2000 treadmill according to the multistage 



















and the electrocardiogram was recorded every minute : 
during exercise and for 10 minutes during the recovery 2 
period. Blood pressure was measured every 2 minutes 
and before every stage change by sphygmomanometry. 
Exercise was terminated because of severe angina (n = 
22), leg fatigue (n = 133), dyspnea (n= 7), complex 
ventricular arrhythmias (n = 6), decrease in systo 
blood pressure >20 mm Hg (n = 4) and maximal 
segment depression 23 mm (n = 18). A horizontal or 




















EX point, ‘an upsloping ST-segment depression 
2 mm at 80 ms after the J point, or an additional 2 
) mam ‘of. ST-segment depression in the presence of ST- 
test depression at rest was considered an ischemic 
esponse.'? In each patient, the duration of the S wave 
-was measured in lead Vs; before and immediately after 
_ exercise in the upright position with a speed of 50 mm/s 
: (Figure 2). The duration of the S wave was measured 
-from the end of the R wave at the isoelectric line until 
_ the cut point between the isoelectric and perpendicular 
lines beginning from the end of the S wave (J point). 
Patients with a poorly defined S wave were excluded 
before entry in the study. 
S-wave duration was measured independently in 5 
|. consecutive beats before and after exercise. The exercise 
_ mean value minus the resting mean value was used for 
further analysis. S-wave duration was measured using a 
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were discontinued. 25 half-lives before exercise testing, 27 


lectivé gë arteriography by the brachial (Sones) = 


or percutaneous (Judkins) technique. Angiograms. were o 
evaluated by 2 cardiologists independently, Significant E 
coronary artery disease was considered when there was ` 


a diameter narrowing 270% in 1 major- vessel or f major EE 
branch. We 
Statistical evaluation was E using 2-way Do 
analysis of variance with multiple compan ons. E 


RESULTS , 
Demographic Ge and exercise data are 
listed in Table I. There were 117 patients with 1-vessel 
disease (64 LAD, 32 right coronary artery and 21 cir- 

cumflex), and 73 with normal coronary arteries. 
Normal intraventricular conduction: Of 55. patients 
with normal intraventricular conduction at baseline 
electrocardiography, 33 had normal coronary. arteries, 
and 31 had LAD, 12 right. coronary artery and 12 cir- 


cumflex coronary artery stenoses. The S wave decreased ` 


with exercise in patients with normal coronary arteries, 


but increased in those with LAD and circumflex coro- 


nary artery disease (Tables II and III). Exercise-in- 
duced S-wave prolongation was not statistically differ- 


ent in patients with LAD, right and circumflex coro- 


nary artery. stenoses. , 
intraventricular conduction defect: LEFT ANTERIOR 


HEMIBLOCK: Of 40 patients with left anterior hemiblock ` 


at baseline electrocardiography, 20 had LAD, 14 right 
coronary artery and 6 circumflex coronary artery steno- ~ 
ses. The S wave decreased with exercise in patients with 
normal coronary arteries. In contrast, the S wave in- 
creased with exercise in patients with LAD stenosis, re- 
mained unchanged in those with right coronary artery 
stenosis and decreased slightly but insignificantly (—2.5 
ms) in patients with circumflex coronary artery stenosis 
(Tables II and IID). Exercise-induced S-wave prolonga- 
tion was significantly greater in patients with LAD ae, 
nosis than in those with right or circumflex coronary 
artery stenosis (p <0.001). 


RIGHT BUNDLE BRANCH BLOCK: Of 22 patients with ` ` 


right bundle branch block at baseline electrocardiogra- 
phy, 13 had LAD, 6 had right coronary artery and 3 
had circumflex coronary artery stenoses. In patients 
with normal coronary arteries, the S wave decreased 
slightly with exercise. In contrast, the S wave increased 
with exercise in patients with LAD stenosis (p <0. 001) 
and remained unchanged in patients with right and cir- 


cumflex coronary artery stenoses (Tables II and HI). ` 
Exercise-induced S-wave prolongation was greater in ` 
patients with LAD stenosis than in those with right or 


circumflex coronary artery stenosis (p <0.001). 


QRS prolongation during exercise in patients with ` E 
_ LAD coronary artery stenosis and left anterior hemi- 227 
block or right bundle branch block was almost exclu- ` 


sively due to S-wave prolongation. 


ST-segment depression was observed i in 118 of 73 pa- SE 
tients (25%) with normal ; coronary arteries and in 48 of 


117 (41%) with L-vessel Bee SI stenosis GO of Si 





raphy: All patients underwent se- r 










TABLE I Demographic Characteristics and Catheterization Data of Patients Studied 


Age (year) 
Men/women 
Systemic hypertension (history) 
History of MI 
Left ventricular ejection fraction (%) 
Normal coronary arteries 
No. of coronary arteries narrowed 
> 50% in diameter 
LAD 
Right coronary artery 
Left circumflex 


Normal Intraventricular 
Conduction 


(n = 88) 


55 +’ / 
79/9 
5 (6%) 
6 (7%) 
57+8 
33 (38%) 


31 (35%) 
12 (14%) 
12 (14%) 


LAD = left anterior descending; MI = myocardial infarction. 
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(n = 190) 
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FIGURE 2. S-wave duration before (A) and after (B) exercise in patient with left anterior hemiblock (LAH; top) and right bundle 
branch block (RBBB; bottom). Note that S wave in lead Ve was prolonged with exercise, whereas QR remained unchanged. 
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TABLE Il Changes of S-Wave Duration Induced with Exercise 


Obstructed 
Coronary 
Artery 


Normal 
Ventricular 
Conduction (ms) 


Left Anterior 
Hemiblock (ms) 


Right Bundle 
Branch Block (ms) 


—-3.7+7.0 
(—6.5 to —0.9) 
12.5 + 6.0 
(9.6 to 15.4) 

0+6 
(—3.6 to 3.6) 
—2.5 + 8.0 
(—2.9 to 2.9) 


-—3.3 + 7.0 
(—6.9 to 0.4) 
10.4 + 10.0 
(5.2 to 12.8) 
-1.7 + 4.0 
(—4.1 to 4.4) 
Des 
(—5.3 to 4.0) 


0 -3.3 + 8.0 
(—6.1 to —0.5) 
3.8 + 8.0 
(1.1 to 6.7) 

2.1+ 10.0 
(—3.6 to 7.8) 
0.8 + 8.0 
(—4 to 6) 


Left anterior 
descending 

Right coronary 
artery 

Left circumflex 


TABLE IV Exercise Parameters in Patients Studied 


Normal Conduction 
(n = 88) 


S Wave 

Unchanged 

or Decreased p 
(n = 65) Value 


462 + 169 
155+ 18 


S-Wave 
Prolongation 
(n = 23) 


449 + 148 
152 + 16 


Exercise duration (s) 

Maximal heart rate 
(beats/min) 

Maximal systolic blood 
pressure (mm Hg) 

Maximal ST depression 
(mm) 

Time to ST depression = 
1 mm 

Incidence of angina 


176+ 12 1/917 NS 


0.99 + 1.00 0.80 + 1.00 NS 


a9 169 ` 415+ 178 NS 


8/23 (35%) 3/65 (5%) <0.001 


NS = not significant. 


64 (47%) with LAD, 12 of 32 (38%) with right coro- 
nary artery, and 6 of 21 (29%) with circumflex coro- 
nary artery). 

The exercise parameters in patients studied are listed 
in Table IV. 


DISCUSSION 

This study demonstrated that the duration of the S 
wave was prolonged significantly with exercise in pa- 
tients with LAD coronary artery stenosis and left ante- 
rior hemiblock or right bundle branch block, but not in 
those with right or circumflex coronary artery stenosis, 
or normal ventricular conduction. The S wave on the 
surface electrocardiogram represents the last phase of 
ventricular depolarization. Slow conduction velocity in 
the areas of the myocardium contributing to the devel- 
opment of the S wave results in S-wave prolongation. 
Previous studies showed that myocardial ischemia re- 
sults in slow conduction velocity in the Purkinje fibers 
and Purkinje-muscle junctions, and between ventricular 
muscle Dbers 218 The decreased conduction velocity in 
the ischemic areas is attributed to regional hyperkale- 
mia as a result of potassium extraction from the isch- 
emic cells.?°:! 

Exercise-induced myocardial ischemia in the areas 
of the myocardium responsible for the development of 
the S wave decreases the conduction velocity in those 
areas and prolongs the duration of the S wave. The pro- 
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S-Wave 
Prolongation 
(n = 20) 


450 + 149 
151 £20 


175% 26 
0.95 + 1.00 
403 + 177 


6/20 (30%) 


TABLE Ili Exercise-Induced S-Wave Prolongation in Relation 
to Obstructed Coronary Artery 


Obstructed 
Coronary 
Artery 


Normal Left Anterior 


Conduction Hemiblock 
(n = 88) (n = 66) 


Left anterior descending 12/31(42%) 17/20 (85%) 
4/12 (33%) 2/14(14%) 
4/12 (33%) 0/6 (0%) 
3/33 (9%) 1/26 (4%) 


Right Bundle 
Branch Block 
(n = 36) 


10/13 (77%) 
0/6 (0%) 
0/3 (0%) 
1/14 (7%) 


Right coronary artery 
Left circumflex 


Normal 


Right Bundle 
Branch Block 
(n = 36) 


Left Anterior Hemiblock 
(n = 66) 


S Wave 
Unchanged 
or Decreased 

(n = 46) 


S Wave 
Unchanged 
or Decreased 

(n = 25) 


S-Wave 
Prolongation 
(n = 11) 


459 + 168 
153 + 18 


439+171 
154+17 


458 + 173 
159 + 16 


181 + 24 171 + 20 175+ 19 


0.76 + 1.00 1.15 + 1.00 0.66 + 0.80 


438 + 185 NS 384 + 194 419+ 186 


3/46 (7%) <0.001 4/11 (36%) 3/25(12%) <0.001 





longation of the S wave with exercise in patients with 
LAD coronary artery stenosis and left anterior hemi- 
block or right bundle branch block most likely is related 
to the fact that most of the blood supply to the areas of 
the myocardium contributing to the development of the 
S wave in those patients comes from the LAD (Figure 
1). 

In patients with coronary artery disease, intraven- 
tricular conduction defect during myocardial ischemia 
may be associated with ventricular arrhythmias, be- 
cause decreased conduction velocity may facilitate ar- 
rhythmias due to reentry. In contrast to patients with 
coronary artery disease with decreased conduction ve- 
locity with exercise, normal subjects may have increased 
conduction velocity and reduced duration of the S wave 
due to increased adrenergic tone with exercise.3-?:!9-2! 


Acknowledgment: The statistical advice from Timo- 
thy M. Costigan, PhD, is greatly appreciated. 
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Psychological, Behavioral and Biochemical Risk 
Factors for Coronary Artery Disease Among 
American and Italian Male Corporate Managers 
Maurizio Fava, MB, Andrew Littman, MD, Stefania Lamon-Fava, MD, PhD, Richard Milani, MD, 


David Shera, MS, Robert MacLaughlin, MS, Edwin Cassem, MD, Alexander Leaf, MD, 
Bruno Marchio’, MD, Erta Bolognesi, MD, and Gian Paolo Guaraldi, MD 


Differences in psychological, behavioral and bio- 


chemical risk factors for coronary artery disease 
(CAD) among male corporate managers of 2 coun- 
tries (United States and Italy), with very different 
age-specific rates of mortality for CAD were eval- 
uated. In all, 129 American (mean age 43 + 7 
years) and 80 Italian (mean age 45 + 7 years) 
managers volunteered to participate in this study. 
Each subject was administered several question- 
naires assessing various psychological and behav- 
ioral risk factors for CAD, and all 129 Americans 
and 55 of 80 Italians had their blood drawn be- 
tween 8:00 and 9:30 AM after overnight fasting 
for the measurement of plasma levels of dehydro- 
epiandrosterone-sulfate (DHEA-S), total cholester- 
ol, triglycerides, and apolipoproteins A-I and B. 
italian managers reported significantly more cyni- 
cism and hostility, and less enjoyment in leisure 
activities than did American ones. Furthermore, 
40 Italian (51%) and only 18 American (14%) 
managers were smokers (this difference being sta- 
tistically significant). Although no significant dif- 
ferences were found in factors positively related 
with CAD (cholesterol, triglycerides and apolipo- 
protein B), there were clear differences in parame- 
ters inversely correlated with the incidence of 
CAD. Italian managers had significantly lower lev- 
els of plasma DHEA-S and apolipoprotein A-I than 
did American ones. In conclusion, this study found 
that Italian managers had a significantly more un- 
healthy psychological and behavioral profile than 
did American ones, and had lower levels of those 
biochemical parameters (apolipoprotein A-I and 
DHEA-S) thought to have a protective role against 
development of CAD. 

(Am J Cardiol 1992;70:1412-1416) 
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cal stress were recently found to be associated 

with a higher risk for coronary artery disease 
(CAD) after controlling for age and other risk factors 
in a large study of middle-aged men.! In a study at a 
large industrial plant, a higher CAD risk profile, char- 
acterized by heavier smoking, greater body mass index 
and higher levels of cholesterol, was observed in manag- 
ers with high responsibility than in personnel of the re- 
search and development departments.* Corporate man- 
agers often find themselves under a great deal of stress 
that may be accompanied by several psychological 
symptoms (e.g., depression, irritability and anxiety) and 
unhealthy behavior (e.g., overeating and cigarette smok- 
ing). This has led to the increased popularity of stress 
reduction programs at corporate worksites.? Some of 
these programs are associated with marked decreases in 
psychological distress, as well as changes in behavior.‘ 
Although there is no clear evidence that corporate man- 
agers are indeed at a higher risk of developing CAD 
than are people with other occupations, researchers 
have identified various behavioral and psychological risk 
factors for CAD such as smoking,’ sedentary life-style,® 
type A behavior pattern,’ hostility? and depression,’ 
none of which is rare in this population. The goal of our 
study was to evaluate possible differences in psychologi- 
cal, behavioral and biochemical risk factors for CAD 
among male corporate managers in 2 countries (the 
United States and Italy) with different age-adjusted 
mortality rates from CAD.!'° Dehydroepiandrosterone- 
sulfate (DHEA-S), cholesterol, triglycerides, and apoli- 
poproteins A-I and B were selected as biochemical pa- 
rameters linked with CAD. Whereas there is a positive 
relation between CAD and blood levels of cholesterol,!! 
triglycerides!* and apolipoprotein B,!> there is a signifi- 
cant inverse relation between CAD and apolipoprotein 
A-I'4 and DHEA-S.!> If significant differences were de- 
tected, we would attempt to identify psychological or 
behavioral features that correlated significantly with 
biochemical risk factors for CAD. 


Ha levels of persistent, self-perceived psychologi- 


METHODS 

Subjects: We contacted several corporations in Mas- 
sachusetts and Italy, with the intent of recruiting ap- 
proximately 200 volunteers from their managers. We 
selected corporations in the fields of financial consult- 
ing, banking and insurance, because we thought their 
levels of stress were fairly high. One corporation in 
Massachusetts (4 contacted) and 2 in Italy (11 contact- 
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ed) agreed to let us recruit volunteers among their man- 
agers, and helped us to contact them and make arrange- 
ments for testing. A letter was sent to every manager of 
these 3 corporations explaining the scope of our re- 
search and informing them of the opportunity to partici- 
pate in the study. 

Eligible study subjects were men whose age ranged 
between 25 and 65 years, and who were not receiving 
medications with psychotropic, lipid or hormonal ef- 
fects. From the 3 corporations participating in this 
study, 129 of 620 American (21%) and 80 of 300 Ital- 
ian (27%) managers volunteered to participate, and 
written consent was obtained. There was no statistically 
significant difference in the participation rate between 
the 2 countries. Furthermore, there was a slight but sig- 
nificant (Z = 2.3; p <0.03) difference in age between 
American (mean age 43 + 7 years) and Italian (mean 
age 45 + 7) managers participating in the study. We 
conducted this study and collected data in both sites 
from the end of June until the end of August 1989 to 
prevent possible differences due to seasonal variations. 

Psychological assessment: As part of the psycho- 
logical assessment, each participant on the day of data 
collection was administered the following self-rating 
questionnaires: (1) the Symptom Questionnaire,'* a 92- 
item questionnaire with 4 subscales (anxiety, depres- 
sion, somatization and hostility); (2) the Cook and 
Medley Hostility Scale,!’ a 50-item scale whose items 
were divided by Barefoot et al!8 into 6 subsets of items 
(cynicism, hostile affect, hostile attributions, aggressive 
responding, social avoidance and other); (3) the Per- 
ceived Stress Scale,!° a 14-item questionnaire measur- 
ing the degree to which situations are perceived as 
stressful; and (4) the Global Assessment of Recent 
Stress Scale,2° a 7-item scale evaluating current ap- 
praisal of pressure-stress related to several areas of life. 

Behavioral assessment: As part of the behavioral 
assessment, each participant on the day of data collec- 
tion answered the following self-rating questionnaires: 
(1) the Pleasant Events Schedule,*! a questionnaire (in 
its modified version) measuring the amount and fre- 
quency of leisure-time activity and the reported degree 
of enjoyment of such activity; (2) the Seven-Day Physi- 
cal Activity Recall 7 a scale (in its modified version) 
assessing the degree of self-selected leisure-time physi- 
cal activity for the week before data collection and esti- 
mating the energy expenditure in Kcal/week; (3) the 
Three-Day Dietary Recall Questionnaire (computerized 
dietary assessment form “The Food Processor,” ESHA 
Research, Salem, Oregon), a questionnaire assessing the 
average daily alcohol and dietary food intake during the 
3 days before data collection; and (4) a separate form 
with questions concerning smoking habits. 

Only 72 American and 24 Italian subjects under- 
went a videotaped, structured interview in accordance 
with the method described by Friedman and Powell”? to 
measure type A behavior. One investigator (MF), fluent 
in both Italian and English, blindly conducted and 
scored the interviews according to this method. 

Biochemical assessment: As part of the assessment 
of biochemical risk factors for CAD, all 129 Americans 


TABLE I Psychological Assessment of American and Italian 
Corporate Managers 


Significance of 
Difference 
American Italian 


(n = 129) p Value 


Symptom Questionnaire 
Anxiety 
Depression 
Somatization 
Hostility 
Total Score 
Global Assessment of 
Recent Stress Scale 
Perceived Stress Scale 
Cook and Medley Hostil- 
ity Scale 
Cynicism 
Hostile attributions 
Hostile affect 
Aggressive responding 
Social avoidance 
Other 
Total score 


*n = 128; tn = 77. 
NS = not significant. 


20+ 10* ` Lëz 107 


Zou 7 22+6 





and 55 of 80 Italian subjects had their blood drawn be- 
tween 8:00 and 9:30 Am, after overnight fasting, on the 
same day of their psychological and behavioral assess- 
ment. Blood was collected in tubes containing ethylene 
diaminetetracetic acid at the final concentration of 1 
mg/ml. Plasma was isolated by centrifugation at 2,500 
rpm for 20 minutes at 4°C. Multiple aliquots of plasma 
from each subject were then prepared, quickly frozen 
and stored at —70°C until the time of measurement. 
The following plasma biochemical parameters were 
measured: DHEA-S, total cholesterol, triglycerides, and 
apolipoproteins A-I and B. Because some Italian sub- 
jects lived in different towns and could not arrive at the 
assessment site early enough in the morning to enable 
blood collection under standard conditions, only 70% of 
them had their blood drawn. 

DHEA-S plasma levels were measured by radioim- 
munoassay technique, using kits by Diagnostic Systems 
Laboratory, Webster, Texas. Plasma levels of apolipo- 
proteins A-I and B were measured by an enzyme-linked 
immunosorbent assay method. 2) and cholesterol and 
triglycerides were assessed with automated enzymatic 
standardized lipid analyses.”° 

Statistical methods: Because of the unequal sample 
sizes, the Mann-Whitney U test was used to assess dif- 
ferences between the 2 groups (American and Italian) 
in psychological and behavioral parameters, as well as 
in dietary fat intake (Tables I, II and III). Multiple 
linear regression models were used to assess differences 
among the 2 groups in biochemical risk factors for 
CAD. Adjustments were made for factors known to af- 
fect these biochemical parameters (Table IV). The dif- 
ferences in smoking prevalence between the 2 groups 
were evaluated with the chi-square method. Relations 
between biochemical CAD risk factors and psychologi- 
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TABLE H Behavioral Assessment of American and Italian Corporate Managers 


American (n = 129) 


Pleasant Events Schedule 
Enjoyment 
Frequency 
Seven-Day Physical Activity Recall (Kcal/ 
week) 
Three-Day Dietary Recall Questionnaire 
Alcohol (% cal) 
Videotaped structured interview 
Type A behavior total score 
Smokers 
*n = 77; tn = 55. 


Chi-square. 
NS = not significant. 


TABLE Ili Dietary Fat Intake of American and Italian Corporate 
Managers 


Significance of 
Difference 
` Italian 
(n = 55) Z 


American 


(n = 129) p Value 


Three-Day Dietary 
Recall Questionnaire 
Fat (% cal) 
Cholesterol (mg) 
Polyunsaturated/sat- 
urated fatty acid 
ratio 


3347 27+8 4.5 0.0001 


bes. 238.2118. 213 
G6203 04202 -63 


NS = not significant. 


cal or behavioral parameters were estimated using sim- 
ple and multiple linear regression models. 


RESULTS 

Psychological assessments: The results of the psy- 
chological assessments of corporate managers in the 
U.S. and Italy are summarized in Table I. Italian man- 
agers reported slightly more symptoms of depression, 
anxiety and somatization on the Symptom Question- 
naire than did American ones, but these differences 
were not statistically significant. Although there was no 
difference in the levels of perceived stress between the 2 
groups, significantly less pressure-stress related to sever- 
al areas of their life (as assessed by the Global Assess- 
ment of Recent Stress Scale) was reported by the Ital- 
ian group. Marked and significant differences were ob- 
served in the Cook and Medley Hostility Scale; Italian 
managers reported more cynicism, hostile attributions, 
aggressive responding and overall hostility than did 
American ones. 

Behavioral assessment: The results of the behavior- 
al assessments are summarized in Table II. As shown 
by the Pleasant Events Schedule scores, Italian manag- 
ers reported spending significantly less time in leisure 
activities and enjoying them less than did American 
ones. Sedentary leisure activities (e.g., reading and so- 
cial interaction) are likely to account for this difference, 


47+ 16 
67 + 20 
3,942 + 2,876 


3+6 


29 + 9 (n = 72) 
18 (14%) (n = 128) 








Significance of 
Difference 


p 


Italian (n = 78) Z Value 


26:4 13 8.1 0.0001 
38 + 18 8.6 0.0001 
4,006 + 3,360* 1.0 NS 


11 + 10f 5.8 0.0001 
28+4(n=24) 0.9 NS 
40 (51%) (n = 79) 31.0¢ 0.0001 


TABLE IV Biochemical Risk Factors for Coronary Artery 
Disease in American and Italian Corporate Managers 


Significance of 
Difference 
Italian 
(n = 55) F 


American 


(n = 129) p Value 


Total cholesterol 190 + 35 193 + 34 0.9* NS 
(mg/dl) 
Triglycerides (mg/dl) 
Apolipoprotein A-| 
(mg/dl) 
Apolipoprotein B 
(mg/dl) 
DHEA-S (ug/dl) 2IL E EL 2.201.296 15§ 0.0001 
*Adjusted for body mass index, dietary polyunsaturated/saturated fatty acid ratio 
and cholesterol; tadjusted for body mass index and percentage of dietary fat; tadjusted 
for body mass index and percentage of dietary fat and alcohol; §adjusted for age. 


114 + 63 
139 = 32 


107 + 59 
132-220 "Pet 


Oh NS 
0.0006 
116 + 43 


114+ 41) 0.01t NS 


n= 52. 
dr = dehydroepiandrosterone-sulfate; NS = not significant. 


because the amount of weekly leisure time physical ac- 
tivity, as assessed by the Seven-Day Physical Activity 
Recall questionnaire, was similar in both groups. Alco- 
hol consumption was significantly greater in Italian 
managers, accounting for 11% of total caloric intake in 
this group. Forty Italian (51%) and only 18 American 
(14%) managers were smokers, and this difference was 
statistically significant. The degree of type A behavior, 
assessed with the videotaped structured interview, did 
not differ between the 2 groups. 

Dietary fat intake assessment: Dict composition 
was significantly different between the 2 groups. The 
percentage of dietary fat (Table III) was significantly 
lower in Italian managers than in American ones, with 
the polyunsaturated/saturated fatty acid ratio being 
greater in the Americans. No significant difference in 
dietary cholesterol was observed between the 2 groups. 

Biochemical assessment: Table IV shows the results 
of the assessment of biochemical risk factors. Although 
there were no significant differences between Italian 
and American managers regarding those factors that 
are positively correlated with the incidence of CAD 
(cholesterol, triglycerides and apolipoprotein B), there 
were clear and marked differences concerning those fac- 
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tors inversely related to CAD. Italian managers had sig- 
nificantly lower plasma levels of apolipoprotein A-I 
than did American ones. This difference was still signif- 
icant after adjustment for body mass index and percent- 
age of dietary alcohol and fat intake. Furthermore, plas- 
ma levels of DHEA-S were markedly lower in Italian 
managers than in American ones, with this difference 
being statistically significant even after adjustment for 
age. 

No significant correlation was found between apoli- 
poprotein A-I and any behavioral or psychological pa- 
rameter. Significant correlations were observed between 
DHEA-S and age (r = —0.32; p <0.0001), Pleasant 
Events Schedule frequency (r = 0.23; p <0.002) and 
enjoyment (r = 0.26; p <0.0003) scores. The correla- 
tions between DHEA-S and the latter 2 scores re- 
mained significant (F = 5.1 and 6.7, and p <0.03 and 
0.02, respectively) even when age adjustments were 
made. 


DISCUSSION 

The results of this study suggest that the sample of 
Italian corporate managers had an overall more un- 
healthy psychological and behavioral profile than did 
the American ones. Italian managers reported signifi- 
cantly more hostility, cynicism and aggressiveness than 
did American ones. Furthermore, Italian managers re- 
ported spending less time in leisure time activities and 
enjoying them less. The percentage of smokers among 
Italians was almost 4 times that of Americans. Com- 
pared with Americans, Italians had significantly lower 
plasma levels of apolipoprotein A-I and DHEA-S, bio- 
chemical factors inversely correlated with the incidence 
of CAD.!4!5 

This difference in psychological and behavioral pro- 
files between the 2 groups of managers suggests that 
Italian managers may be at greater risk for develop- 
ment of CAD. Smoking is one of the most important 
risk factors for CAD" and is much less frequent among 
American managers. Italian managers had higher 
scores on the Cook and Medley Hostility Scale, which 
were found to be independent risk factors for CAD 
Similarly, Italian managers reported fewer leisure time 
activities, as well as diminished enjoyment of those ac- 
tivities. The reduction in frequency and enjoyment of 
leisure time activities observed among Italian managers 
is consistent with an impaired quality of life that Sie- 
grist?” found to be related to high levels of cardiovascu- 
lar risk factors and high prevalence of overt cardiovas- 
cular disease. Overall, the psychological and behavioral 
differences between the 2 groups suggest that Italian 
managers may have a relatively greater risk for CAD. 

This relatively unhealthy psychological and behav- 
ioral profile present in the Italian sample appears to be 
accompanied by reduced levels of DHEA-S and apoli- 
poprotein A-I. These biochemical findings can also be 
interpreted as being consistent with a greater risk for 
CAD, as both DHEA-S and apolipoprotein A-I are in- 
versely related to the incidence of CAD.!4!5 Further- 
more, DHEA-S is an adrenal steroid whose secretion 
has been thought to be influenced by stress,” and plas- 
ma levels of apolipoprotein A-I, the major protein con- 


stituent of high-density lipoproteins, have been found to 
correlate with type A behavior’? that is characterized 
by intense hostility and time urgency. Although we 
were unable to find a significant correlation between 
apolipoprotein A-I and type A behavior or any other 
psychological/behavioral parameter, Italian managers, 
who displayed greater aggressiveness and hostility than 
did American ones, had lower levels of this apolipopro- 
tein. 

An important methodologic issue related to this 
study is that cultural differences (e.g., social acceptabili- 
ty of expressing hostility, and reliability of self-report) 
may account for the higher scores of Italians on the 
Cook and Medley Hostility Scale. If this is true, one 
would expect that all psychological measures would be 
uniformly affected. However, not all the psychological 
assessment instruments (whose translation from English 
has been in most cases extensively validated) detected 
differences between the managers of the 2 countries. 
Furthermore, the Cook and Medley Hostility Scale is 
derived from the Minnesota Multiphasic Personality In- 
ventory whose Italian translation has been validated in 
very large samples and used in numerous studies of 
CAD in Italy. However, there were clear differences 
in questionnaire sensitivity; some of the instruments 
used (e.g., Symptom Questionnaire) were designed to 
discriminate between psychiatric or medical patients 
and normal control subjects. Therefore, such self-rating 
scales may have been unable to detect slight psychologi- 
cal or behavioral differences among healthy subjects. 

In regard to the risk of possible selection biases, the 
rates of participation among managers from the 2 cor- 
porations (27%) in Italy and from the 1 (21%) in the 
U.S. were not statistically different. Furthermore, the 
percentage of contacted corporations agreeing to let us 
recruit subjects was not significantly different between 
Italy (18%) and the U.S. (25%). Finally, we cannot rule 
out the possibility that study instruments may have not 
measured truly pertinent factors nor reflected the actual 
risk for CAD of these 2 groups. However, we selected 
instruments that have been found to be sensitive in mea- 
suring psychological symptoms and behaviors consid- 
ered to confer a risk for CAD"? 

In summary, this study found that Italian managers 
had a significantly more unhealthy psychological and 
behavioral profile than did American ones. This sug- 
gests that Italian managers may be at greater risk for 
the development of CAD. In comparison with their 
American counterparts, Italian managers had signifi- 
cantly lower levels of biochemical parameters (apolipo- 
protein A-I and DHEA-S) considered to have a protec- 
tive role against development of CAD and to be inverse- 
ly correlated with the incidence of CAD. This suggests 
that this sample of Italian managers may be overall at 
greater risk for CAD than are the American ones and 
that the findings of Epstein and Pisa!” of much lower 
age-specific rates of mortality for CAD in Italy may not 
be generalizable to this type of cohort. Epstein and Pisa 
did not stratify their sample based on occupational psy- 
chophysiologic variables known to be related to CAD 
development. We are planning to conduct a follow-up 
study on these 2 groups of male corporate managers. 
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Such a study may be very helpful in testing the hypoth- 
esis that this sample of Italian managers is more likely 
to develop CAD than are the American ones. 
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Diagonal Earlobe Crease as a Marker of the 
Presence and Extent of Coronary Atherosclerosis 
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This study evaluates the association between the 


presence of diagonal earlobe creases (ELC) and 
coronary artery disease (CAD). One thousand four 
hundred twenty-four patients (760 men and 664 
women, aged 30 to 80 years) were examined for 
the presence of ELC and classified into 2 groups: 
group I control — 1,086 consecutive patients who 
denied symptoms of myocardial ischemia and 
were admitted to a general hospital for other rea- 
sons; group Ii CAD — 338 patients with docu- 
mented CAD (presence of >70% coronary diame- 
ter stenosis at angiography). ELC was present in 
304 patients (28%) in group I and 220 (65%) in 
group Il (p <0.0001). The patients were stratified 
in age groups to isolate the influence of age be- 
cause the prevalence of ELC and CAD increased 
with advancing age (p <0.0001 for both). This as- 
sociation remained statistically significant in all 
decades, except for patients aged >70 years. To 
further remove the confounding effect of different 
age and sex distributions between the groups, a 
direct adjustment of the ELC prevalence was per- 
formed. When adjusted for age and sex, the prev- 
alence of creases was still 58% higher in patients 
with CAD than in control subjects (p <0.001). The 
presence of ELC was also related to the extent of 
CAD as measured by the number of major arteries 
narrowed (p = 0.015). The observed sensitivity of 
the sign for the diagnosis of CAD was 65%, the 
specificity 72%, the positive predictive value 42% 
and the negative predictive value 87%. 

(Am J Cardiol 1992;70:1417-1420) 


From the Instituto do Coração, InCor, University of São Paulo, São 


Paulo, Brazil. Manuscript received March 25, 1992; revised manuscript 
received and accepted July 16, 1992. 

Address for reprints: Bernardino Tranchesi, Jr., MD, Rua Luiz Dib 
Zogaib 219, 05613 Sao Paulo, Brazil. 


ince its first description in 1973,! there have 

been several reports linking the presence of a 

deep crease in the lower end of the ear to coro- 
nary artery disease (CAD).*-!4 However, the value of 
this sign as a marker of CAD still remains controver- 
sial. Some investigators completely denied this associa- 
tion,!5-17 whereas others explained it based solely on the 
increase in the prevalence of both earlobe crease (ELC) 
and CAD with advancing age.'*-*° This study evaluates 
this association using coronary angiography as the gold 
standard for the presence and extent of CAD. We also 
sought to determine if ELC could be related to coronary 
atherosclerosis independently of chronologic age and 
gender. 


METHODS 

Patient selection: From February to April of 1990, 
we examined 1,424 patients in the supine position for 
the presence of the crease: group I — control group con- 
sisting of 1,086 prospectively assessed patients who de- 
nied ischemic symptoms in a brief anamnesis, were ad- 
mitted to a general hospital for other reasons and in 
whom CAD was not suspected during hospitalization; 
group II — CAD group including 338 patients random- 
ly recruited from the Heart Institute with angiographi- 
cally documented coronary atherosclerosis (see later). 
In an attempt to keep observers unaware of the patient’s 
clinical history with respect to the presence of CAD, the 
patients were first examined for the presence of creases 
and later classified as being part of the control or CAD 
groups. 

Earlobe crease: This sign was considered present if 
there was a deep wrinkle, either unilaterally or bilateral- 
ly, in the lobule portion of the auricle that extended for 
a distance = of the earlobe length. A representative 
example is shown in Figure 1. To avoid artefactual 
creases, 6 persons from group I and 3 from group II 
whose earring insertion included the crease were exclud- 
ed. In case of doubt about a particular case, usually 
because of shallow or small creases, consensus among 
observers was sought and if not achieved, the patient 
was excluded from the analysis (6 control subjects and 2 
with CAD). To assess the reliability of the sign, 50 ad- 
ditional patients were examined on different days under 
similar conditions. There was a 96% intra- and interob- 
server agreement for the diagnosis of the sign. 

Coronary angiography: Cardiac catheterization was 
performed through the brachial artery. Several different 
views were obtained so that all suspect lesions could be 
examined. The cineangiograms were later classified by 
experienced radiologists, unaware of the presence of the 
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TABLE I Race and Sex Distribution in Study Population 


ELC ELC 
Present Absent 









Control CAD 








Sex 


Men 500 (46%) 260(77%) 365(81%) 395 (44%) 

Women 586 (54%) 78 (23%) 159(19%) 505 (56%) 
Race 

White 785 (72%) 285(84%) 441(84%) 629 (70%) 

Non-white 300 (28%) 53 (16%) 82 (16%) 271 (30%) 






CAD = coronary artery disease; ELC = earlobe crease. 


crease, as abnormal if they disclosed 270% luminal nar- 
rowing of 1 of the 3 major epicardial arteries. The pa- 
tients were further classified according to the number of 
stenosed vessels, so as to quantify the extension of the 
atherosclerotic involvement in the coronary arteries. 

Statistical analysis: Statistical analysis was per- 
formed using the SAS software package (SAS Insti- 
tute Inc., Cary, North Carolina). Continuous numerical 
data are given as mean + standard deviation. The chi- 
square test was used to determine differences in propor- 
tions between groups. The sensitivity, specificity and 
predictive value of ELC were computed. To eliminate 
the confounding effect caused by age and gender in the 
prevalence of the ELC sign in the groups, we performed 
a direct adjustment of the data using the age and sex 
distribution of the Brazilian population in 1989 as 
standard for both groups.?! A p value <0.05 was consid- 
ered statistically significant; p values <0.1 were also re- 
ported. 


RESULTS 

Patient characteristics: The study population con- 
sisted of 1,424 patients (760 men), whose mean age was 
52 + 13 years. The patient’s age ranged similarly in 
both groups from 30 to 88; however, the mean age was 
different (50 + 13 years in group I and 58 + 10 years in 


C] CONTROL 
CAD 


304/1086 
70/209 
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p<0.00 1 
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FIGURE 1. A typical example of a diagonal eariobe 
from a patient with myocardial infarction. 


group II, p <0.001). The distribution of race showed 
75% white and 25% non-white patients. Demographic 
characteristics of the groups are summarized in Table I. 

Association between coronary atherosclerosis and 
earlobe crease: There was a greater prevalence of ELC 
in patients with CAD (65%) than in the control group 
(28%). This difference was highly significant (p 
<0.0001, Figure 2). The sensitivity of the sign was 65%, 
the specificity 72%, the positive predictive value 42% 
and the negative predictive value 87% for the diagnosis 
of CAD. The prevalence of ELC and also of CAD in- 
creased with advancing age (p <0.0001 for each). To 
establish if the association of CAD with ELC was due 


FIGURE 2. Prevalence of the diago- 
nal earlobe creases (ELC) in pa- 
tients with and without coronary ar- 
tery disease (CAD) in the age 
strata. 


270 
p=0.070 
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TABLE II Comparison of the Extent of the Coronary 
Involvement and the Presence of Unilateral and Bilateral 
Earlobe Creases 


Earlobe Crease 
No. of Major Coronary 


Arteries Narrowed > 70% Unilateral Bilateral 


19 (33%)* 38(67%)* 57 (bet 


28 (61%)* 41(59%)* 69 (61%)t 


25 (26%)* 69(73%)* 94 (78%)t 


*Not significant; tp = 0.015. 


exclusively to the relation of both with age, the patients 
were stratified by age groups (Figure 2). There was a 
significant relation between ELC and CAD in each age 
group, with the exception of patients aged >70 years. 
The decreased significance of the difference between 
the groups in both extremes of the age distribution is 
probably due to the smaller number of patients in these 
strata, as well as to a likely increase in the proportion of 
asymptomatic CAD in elderly patients in the control 
group. In addition to the age stratification previously 
described, the direct method of adjustment was used to 
isolate the effects of the confounders age and gender in 
associating ELC with CAD. After adjustment, the prev- 
alence of creases was still 58% higher in patients with 
CAD (39 vs 24%, p = 0.001). The sign was more preva- 
lent in the white than in the non-white population (41 vs 
23%). However, ELC was significantly more frequent in 
the CAD group in both populations (68 vs 31% for 
white [p <0.001] and 47 vs 19% for non-white [p 
<0.001] patients). 

Presence of earlobe creases and extent of coronary 
disease: There was also a significant relation in the 
presence of ELC to the severity of CAD. As the num- 
ber of narrowed vessels increased from 1 to 3, the preva- 
lence of ELC increased from 55 to 78% (Table II, 
p = 0.015). Patients with creases had a higher preva- 
lence of multivessel disease (p <0.01, when compared 
with 1-vessel disease). Bilateral ELCs were present in 
148 of the 220 patients in the CAD group (67%) and in 
176 of the 294 patients (60%) in the control group 
(p = 0.085). In the studied sample we did not find a 
significant association between extent of coronary in- 
volvement and bilateral ELC. 


DISCUSSION 

Several reports addressing this issue have confirmed 
the link of ELC to coronary atherosclerosis. However, 
this association still remained controversial due largely 
to the confounding effect of age and sex and to the dif- 
ferent parameters used to attain the diagnosis of CAD. 
Most of the studies were based on clinical criteria for 
the diagnosis of CAD8-!2-14 or were only based on 
known risk factors for the disease.” However, even 
studies using coronary angiograms to define CAD pre- 
sented conflicting results,*®!°2° which could, in part, 
reflect differences in the criteria for the presence of 
CAD at angiography. 





Because most of the studies have shown an increased 
prevalence of diagonal ELCs with advancing age, some 
investigators!’-° tried to explain the relation between 
ELC and CAD as depending solely upon age. We inves- 
tigated the presence of ELC in 1,424 patients, 338 of 
whom had confirmed coronary atherosclerosis at angi- 
ography. This represents, to our knowledge, the largest 
series studied so far using the coronary angiogram, con- 
sidered the gold standard for the diagnosis of CAD in 
clinical practice. Such a large sample enabled us to ad- 
just for age and gender, 2 known risk factors for CAD. 
Our results demonstrate a growing prevalence of ELC 
with increasing age, but the association between CAD 
and ELC continues to be statistically significant irre- 
spective of the patient’s chronologic age or sex. 

We, unlike others,'*2 also report a relation in the 
presence of ELC to the severity of the CAD as mea- 
sured by the number of vessels involved. Multivessel dis- 
ease was significantly more frequent in patients with 
creases. Symptomatic and asymptomatic patients with 
multivessel coronary atherosclerosis have been known to 
have a poor prognosis.??-24 Noninvasive markers of mul- 
tivessel CAD could consequently be important in select- 
ing patients for coronary angiography and therapy. The 
relative importance of this sign when making decisions 
about patients with clinically recognized CAD awaits 
further investigation. 

The mechanism leading to the association of the 
ELC to CAD remains unsettled. It is unknown whether 
ELC is linked to atherosclerosis through a common ge- 
netic factor, as suggested by similar trends for the prev- 
alence of ELC and CAD among ethnic groups® and to 
data derived from analysis of human leukocyte antigen 
subtypes,’ or if it is an acquired physical sign resulting 
from vascular disease, skin atrophy or changes in the 
connective tissue matrix.’ It has also been speculated 
that ELC could be a marker of biologic aging. Some 
investigators related it to the presence of tears in the 
elastic fibers of the ears,!* whereas others hypothesized 
that it was related to increased androgen activity.!° De- 
spite the fact that the intimate origin of this association 
remains unsolved, we report that patients with ELC, ir- 
respective of chronologic age or sex, have a significantly 
increased prevalence of coronary atherosclerosis. 

Study limitations: Although patients in the control 
group were free of symptomatic coronary disease at the 
time they entered the study, there is no definite angio- 
graphic proof of absence of coronary atherosclerosis, be- 
cause we did not perform coronary artery catheteriza- 
tion to identify CAD in these patients, which could have 
affected the accuracy of the estimate of the predictive 
values. 

Conclusion: We observed a significantly increased 
prevalence of ELC in patients with coronary atheroscle- 
rosis regardless of the patient’s chronologic age or gen- 
der. Creases were also more frequent in patients with 
multivessel disease. Considering that the physical exam- 
ination does not usually provide reliable clues to identify 
patients with coronary disease, we believe that this easi- 
ly detectable sign could be useful in clinical practice, 
helping the clinician to add new and valuable informa- 
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tion to a patient’s risk profile, perhaps enabling an earli- 
er or more precise diagnosis. 
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The idiopathic long QT syndrome (LQTS) is an in- 


frequently occurring disorder. Affected patients 
may have electrocardiographic alterations and are 
prone to syncope and sudden arrhythmogenic car- 
diac death. Adequate therapy may improve the 
prognosis of affected patients significantly. There- 
fore the early and precise diagnosis of LQTS has 
major prognostic impact. This study reports the 
diagnostic significance of standard electrocardio- 
graphic techniques and autonomic maneuvers in 
14 patients with LQTS. The findings are com- 
pared with those of 14 healthy age-matched con- 
trol persons. QTc duration was significantly long- 
er in patients with LQTS during standard 12-lead 
electrocardiography (489 + 56 vs 412 + 30 ms, p 
<0.005), exercise stress testing (490 + 38 vs 409 
+ 18 ms, p <0.001), cold pressor testing (512 + 
45 vs 407 + 19 ms, p <0.001), Valsalva maneu- 
ver (497 + 49 vs 407 + 19 ms, p <0.001), mini- 
mal heart rate during 24-hours of ambulatory 
electrocardiographic recording (482 + 69 vs 402 
+ 22 ms, p <0.01) and maximal heart rate during 
Holter monitoring (460 + 47 vs 411 + 27 ms, p 
<0.005). Four of 14 patients with LQTS had 
pathologic findings during ambulatory electrocar- 
diographic monitoring (2 patients with short epi- 
sodes of torsades de pointes tachyarrhythmia, 1 
patient with intermittent sinoatrial block, and 1 
patient with intermittent TU-wave alterations), 
whereas all control persons had normal ambulato- 
ry electrocardiographic recordings (p <0.05). 
Thus, noninvasive standard electrocardiographic 


precise diagnosis in patients with suspected 
LQTS. The greatest diagnostic impact lies in the 
significant prolongation of QTc duration at rest 
p and during provocation tests. 
` (Am J Cardiol 1992;70:1421-1426) 
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he idiopathic long QT syndrome (LQTS) is an in- S ; 
frequently occurring disease which usually at 


fects children, teenagers and young adults. To- 


day 3 different types of the LQTS are observed and 
clinically distinguished! (Table D. From the pattern of ` 
occurrence in families, autosomal dominant and reces- == — 
sive modes of inheritance were proposed. More recently Le 


a linkage of LQTS to the Harvey ras-1 gene, which was 
localized on the short arm of chromosome 11 has been 
reported.2 No modes of inheritance are known for the 
sporadic form of LQTS.'3 


Several studies evaluated the significance of the ` SG 


standard 12-lead electrocardiogram, exercise stress test- 


ing and autonomic maneuvers with reflex sympathetic ` — 
activation as diagnostic tools.+ Some studies have sug- ` 
gested that these tests may be helpful in identifying pa- 
tients. with suspected LOTS, and other studies have 5 e 


not.” However, their diagnostic significance is still un- 





known. In this study we examined the diagnostic impact ae 


of standard 12-lead electrocardiography, ambulatory 


electrocardiographic monitoring, exercise-induced sym- ` BE 


pathetic activation and autonomic maneuvers that cause 
reflex sympathetic activation (Valsalva maneuver and 
cold pressor testing). 


METHODS 

Patients: The study had a patient-control design. 
Fourteen patients with LQTS and 14 age-matched 
healthy subjects were studied. All Subjects and parents 
gave written consent to participate in the study. 


Inclusion criteria for patients with LQTS (8 female ` aS 


and 6 male patients, aged 7 to 30 years [mean age 21 + 


7]) (LQTS group) were those established by Schwartz.) _ GE 


In the LOTS group, 7 patients had episodes of syncope, 
4 were successfully resuscitated from sudden cardiac 
death, 2 had palpitations and 5 had a family history of 
sudden cardiac death and syncope. Patients with LQTS 
were studied as inpatients without taking any medica- 
tion. Beta blockers were discontinued 24 half-lives be- 


fore the diagnostic tests were performed. Complete 


physical examination, including cardiovascular and neu- 
rologic examination, hearing test, chest x-ray, serum po- 
tassium and calcium were normal. Secondary causes of 
QT-interval prolongation were ruled out. 


Fourteen healthy age-matched volunteers (7 women 
and 7 men, aged 15 to 30 years [mean 21 + 5]) served 
as the control group. All control subjects had no ei. 
dence of cardiovascular or neurologic disease, and fami- 
ly history was normal, as were physical findings. There 
was no significant difference in age (p = 0.92) and se 
distribution (p = 0.70) between the 2 groups. S 
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de TABLE A Dieren Deeg Idiopathic Long or Syndrome 


" Jervel i -Lange-Nielsen syndrome 
| _Congesiital neural deafness 
Autosemal recessive inheritance 
Remano-Ward syndrome 

Normal hearing 
Autosemal dominant inheritance 
Sporadic.tong QT syndrome 
aa Norma: hearing 
“No evidence of inheritance 


















"Adapted rom Jackman et al. 


Standard 12-lead electrocardiogram: A standard 
12-lead electrocardiogram was recorded after 10 min- 
utes of rest in a silent room. Heart rate, RR intervals 
and QT-interval duration were determined as mean val- 

e of 20 consecutive ER cycles using lead II. The mea- 
sured QT interval was corrected for heart rate (QTc) 
according to Bazett’s formula.® 


Exercise stress test: The exercise stress test was 
performed as a symptom-limited bicycle stress test with 
the patient in the supine position. Starting with a work 

-load of 25 W, the work load increased by steps of 25 W 
every third minute. Maximal heart rate and QT-interval 
duration were determined as mean value of 10 consecu- 
tive RR cycles 30 seconds after the exercise was termi- 
nated. QTc duration was calculated.® 

Cold pressor test: The cold pressor test was per- 

formed with the left hand immersed in ice water (tem- 
perature 1°C) for 1 minute. Immediately after the im- 
mersion a 12-lead electrocardiogram was recorded.? 

Valsalva maneuver: The Valsalva maneuver was 
performed asking the subjects to expire against an aner- 
oid barometer pressure of 40 mm Hg for 15 seconds. A 
12-lead electrocardiogram was recorded right after the 
valsalva maneuver.?:!” 

Ambulatory electrocardiographic monitoring 
(Holter monitoring): Twenty-four hour ambulatory elec- 
trocardiographic monitoring was (Marquette Recorder 
8500) performed in all subjects. Recorded data were 
analyzed for ventricular arrhythmias, bradyarrhythmias 
(i.e. sinoatrial block, atrioventricular block), minimal 
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and stat TH rate, QT. and QTc gen The 
electrocardiographic tapes were first automatically ana- 
lyzed by the Marquette Laser Holter 8000 O: Computer. S 
System and then validated. : 

Statistical analysis: Data are given as mean values ae 
+ standard deviation. Differences between groups (ie; 
LQTS group vs control group) were analyzed by Mann, ` 
Whitney U Test and between-matched pairs by chi- 
square test. A p value <0.05 was considered significant. ` 


RESULTS 

Standard 12-lead electrocardiogram: Heart rate at 
rest did not differ significantly between the LQTS and 
the control group (Figure 1). A significant difference 
was found in the QTc interval duration, which ranged 
from 375 to 575 ms (mean 489 + 56) in patients with 
LOTS and from 350 to 461 ms (mean 412 + 30) in the 
control group (p <0.005) (Figure 2). The only LQTS 
patient with QTc duration at rest <440 ms was affected 
by the sporadic form of the disease. He had experienced 
stress-induced syncopes and had episodes of bradyar- 
rhythmia and TU-wave alterations during ambulatory 
electrocardiographic recording. In the control group 1 
subject had QTc interval prolongation at rest. He had ` 
neither evidence of prior syncopal attacks nor a positive 
family history. During exercise stress testing, his QTc 
duration shortened to a value <440 ms. 

Exercise stress test: During exercise stress testing, 
heart rate increased in the LQTS group and in the con- 
trol group (Table I). There was no significant. differ- 
ence between the 2 groups (p = 0.17) (Figure 1). The ` 
QTc interval duration (Table III) in patients with 
LQTS was significantly longer (p <0.001) than in the 
control group (Figure 2). The patient. with the sporadic 
form of LQTS, who showed normal QTc duration at 
rest, had a normal QTc duration during exercise as well. 
All control subjects had a normal QTc duration during 
exercise. 

Cold pressor test: The cold pressor test caused a 
slight decrease in heart rate in the LOTS group (Table 
II), whereas prolongation of QTc duration was not sig- 
nificant (Table HI). Compared with the control group, » 
the heart rate in the LOTS group was not significantly 
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TABLE IM QTc Interval Duration of Long QT Syndrome and ` 
Control Groups During Different Conditions: = dE 
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47-96 
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133 +11 
44-84 
64+ 12 
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<io. Holter monitoring 

Minimal 37-75 

< Mean 51+ 11 
-Maximal 90-149- 
Mean 128 + 17 
“Numbers indicate the range in each group and the mean value + SD. No significant 


differences were detected between the 2 groups. 
LOTS = long QT syndrome. 






40-63 0.38 
51 + 8 
85-182 0.44 














different (Figure 1), but QTc duration in control sub- 
jects was significantly shorter than in patients with 
LOTS (Figure 2). The cold pressor test provoked singu- 
lar ventricular ectopic beats in 3 patients with LQTS, 
but no episodes of ventricular tachycardia were ob- 
served. 

Valsalva maneuver: During the Valsalva maneuver, 
heart rate and QTc duration did not differ significantly 
from baseline in patients with LQTS (Tables H and 
HI). Control subjects had similar heart rates during the 
Valsalva maneuver, but QTc duration was significantly 
shorter (Figures 1 and 2). The valsalva maneuver pro- 
: duced no episodes of ventricular tachycardia. 

` Ambulatory electrocardiographic monitoring: Mini- 
mal heart rate during ambulatory electrocardiographic 
“monitoring did not differ significantly between the 2 
groups. Maximal heart rate was significantly faster in 
the control than in the LQTS group (Table If). No ven- 
- tricular arrhythmias were detected in the control group. 
Two patients with LOTS had short episodes of Torsades 








Mean MOT RAD. 407 £19. 
Numbers indicate the range in each group and the mean value + SD. QTc interval 
duration was significantly longer in the LQTS than in the control group. 
LOTS = long QT syndrome. ee ae ee ee, i 





de pointes tachycardias (duration 47 and 12 seconds, 

respectively) without evidence of dizziness or syncope — 
(Figure 3). The 47-second-long episode was experienced 
by the patient while she slept. The ambulatory electro-  __ 
cardiogram revealed typical T-wave alternans in 1 pa- ` 
tient (Figure 4) and bradyarrhythmic episodes in anoth- ` 


er patient, who had an intermittent sinoatrial block. No 


TU-wave changes or bradyarrhythmias were recorded ` 


in control subjects. When all 4 events in the LQTS pa- 


tients were considered, the LQTS group had significant- 


ly more pathologic findings (p <0.05) than the control 
group. 


DISCUSSION | 
Patients with LQTS have a poor prognosis,’ unless 
the disease is precisely diagnosed and adequately treat- 


ed.!!:!2 Systematic diagnostic criteria for LQTS were 


first established in 1985. These criteria are still applied 
today although they lack diagnostic significance in some 
cases. In the present study we tried to evaluate the diag- 
nostic relevance of noninvasive techniques and auto- 
nomic maneuvers, Tilt-table testing and additional other 
autonomic maneuvers’ were not applied in this study. 


‘Mean QTc duration (msec.) 


600 a i 


RN GEES 
dh EE os GN a Le a, 
E 
Sé GE 
AAS 
NN EN SA V EE Ge 
X À WANE 
oe 
3 EIER 


em 






Sa 


Zee 


ey 






mm 





— aisalva 


si 
Ré 
` | 
E | 
| 
4 
a 
d 
$ 
1 


Exercise | 





SS Lors group |__| Control group 
e p:0.005, 





DIAGNOSTIC TECHNIQUES IN LONG QT SYNDROME ` 






sehen Sera A A EL E EE, E Eh E e Ree L P vipi y AUS oa UD ST AA i EE Dee TRE gt 


E 


































SE MW y ema Oe 
S : i: | aii d 
SE FELELNI eng SE 




















P anei PES 


Heart rate 66 / min. 



















WEEK 
FEELER 
Ab 


4 
i 



















tafe acs 
SREL E 
REES 









ore enemas its Z de g y gg 
ECKE A 
















Pe eee ee 
PEERS gan 














GIE 


Aan 





i. 








HEH? 
atecederned es 




























































































g PER creertuweryn ed ` Se 
x po teret EEN EECHER 

CM a DH 
SC 2 l 

Së im d Gre ERC ve atu Ager ee ‘a g K 
Fori BE BEER SEL e e DR ` WI SR evade d i PER 

SE MER et ES EES bes ci pari rA HERE LST HESE RATES EE ` oan 
ang: ae re TP ota pe ROE PS EROS Agee Eee TLE ALU ARNO ESO HEEGDE EE AL ARR EE á Ar e f R 
GH GE KEISER EECH EE CEET CR Peer eee Steer cree ee EREE EECH Coe To penta Rites | ne 2 ` P . ` 
a D Lë e forme Brea z pi ERTE TESTS Perea trees PA A inie nu pirig ere trons FEO NT ama e KE 
` ced egs ees Bosna EELER sy boy fees beens HESE DEER? 2 S 
E, "SI H D i 23.48 p 
eather. “FY repens eart rate 86 / min. S p.m. 

ras ee e Se S DEEN Ka Kä ge Pirra H SE wt Greg "E SES Staf S 8 is Greg hb Wi WEE tt 





Heart rate at rest, during e exercise stress testing, Val- 
salva maneuver, cold pressor testing and ambulatory 
| electrocardiographic monitoring was not significantly 
different in the 2 groups. In former studies a marked 
bradycardia associated with sinoatrial or atrioventricu- 
lar block, or both, in patients with LQTS has been re- 
_ ported,!3:!4 whereas in our study only 1 patient with 
‘LQTS had a bradyarrhythmia during Holter monitor- 
ing. This fact may be due to intermittent-occurring 
- bradyarrhythmias in patients with LQTS.!516 Therefore 
several ambulatory electrocardiographic recordings may 
be necessary to obtain bradyarrhythmias. In the LQTS 
and control groups of our study, heart rate was reduced 
by cold pressor testing and the valsalva maneuver as one 
would expect. Therefore heart rate alterations induced 
by autonomic maneuvers and observed during Holter 
monitoring do not serve as diagnostic tool in suspected 
LQTS. Heart rate acceleration provoked by exercise 
stress testing may occur less often in patients with 
LQTS than in healthy subjects.” We made the same 
observation in our study, but a significant difference in 
exercise-induced heart rate acceleration between the 2 
groups was not found. 

The. greatest diagnostic impact was the QTc dura- 
tion. At rest, during exercise stress testing, ambulatory 
electrocardiographic monitoring and the autonomic ma- 
neuvers, QTc duration was significantly longer in the 
LOTS group than in the control group. Similar findings 
have been reported earlier,!:!!.!2!8-20 Nevertheless find- 
ings in 2 subjects were abnormal. One patient with 
LOTS, who fulfilled the diagnostic criteria and had pre- 
viously experienced 2 syncopal episodes, had a normal 
QTc duration at rest. During exercise stress testing, val- 
salva maneuver and cold pressor testing, the QTc dura- 

_ tion increased, but only the cold pressor test provoked a 
“pathological” QTc value of 446 ms. This patient was 
affected by the sporadic form of LQTS and showed the 
possible dilemma during a diagnostic procedure. Several 
studies of LQTS patients with normal QTc duration 
have been published,'!.22 especially patients with the 
sporadic LQTS. Therefore, one has to be aware of this 
phenomenon. The diagnosis of LQTS should not be re- 
jected 1 in the presence of a normal QTc duration, if the 
patient meets the diagnostic criteria.’ 

The term of “borderline QTc prolongation” was 
introduced by Moss and Robinson.!* They derived 
QTc values from a population of 578 healthy volunteers 
cand categorized values from 430 to 460 ms as border- 
-line prolongation. One healthy volunteer of our control 
group had a borderline QTc prolongation at rest. He 

had no history of prior syncopal attacks or dizziness. 

Furthermore, he: did not fulfill the diagnostic criteria for 
LQTS. During exercise stress testing, cold pressor test- 
. ing and Valsalva maneuver, QTc duration in this sub- 
-ject shortened to normal values. Therefore we consid- 
~ ered him to be a healthy control person.?? 

Ambulatory electrocardiographic monitoring may 

SS contribute important information. In our study, signifi- 
cantly more pathologic findings (p <0.05) were ob- 
tained from Holter monitoring in the LQTS group. 

Nevertheless, torsades de pointes tachycardias occur 

ly; and hereto several hour dree periods 
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may be needed to detect this ‘kind of PEE 
However, bradyarrhythmias and intermittent TU wa 
changes”? may be recorded. Compared with the prolon- 
gation of QTc duration at rest, during exercise and 
autonomic maneuvers Holter monitoring has lower di- 
agnostic impact in patients with suspected LQTS. | 
this study spectral analysis of heart rate variability from 

| trocar iographic recordings could not 
be performed. Because. LOTS is associated with auto- 
nomic imbalance of the sympathetic nervous system, the ` 
analysis of heart rate variability*4 could provide impor- 
tant additional diagnostic information. Until now data 
regarding heart rate variability in patients with LQTS ` 
are not available. 

Further noninvasive? and invasive?’~°° diagnostic 
techniques have been applied in patients with suspected 
LOTS. Therefore, they are either not widely applicable 
or are invasive techniques and therefore not suitable for ` 
repeated studies during patient follow-up. In the future ` 
the availability of genetic markers could permit an ac- 
curate diagnosis of LQTS.? But it is not known whether 
all types of LQTS really have such a genetic marker. 
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ee 
Adenosine depresses atrioventricular (AV) nodal 
function by binding to specific A; receptors which 
activate the acetylcholine, adenosine-regulated po- 
tassium current. In addition, adenosine can act to 
antagonize the effects of §-adrenergic stimulation 
on AV nodal function. To assess the negative dro- 
motropic effects of adenosine under G-adrenergie 
stimulation, 15 patients were studied during clini- 
cal electrophysiologic study. During high right 
atrial pacing at a cycle length of 400 to 600 ms, 
adenosine was injected intravenously at an initial 
dose of 0.5 mg followed by a stepwise increment 
of 0.5 or 1.0 mg given at 5-minute intervals until 
a maximal dose of 12 mg was achieved or AV 
block developed. Intravenous isoproterenol (1 to 3 
pg/min) was then infused to accelerate sinus rate 
by 20 to 30% during which intravenous injection 
-cof incremental doses of adenosine as described 
was repeated. The AV nodal conduction time (AH 
interval) was measured at each dose of adenosine. 
Dose-response curves of AV nodal conduction 
time (expressed as percent increase in AH inter- 
- val) were studied during the control state and dur- 
ing isoproterenol infusion. The dose of adenosine 
` required to produce AV nodal Wenckebach block, 
-the increase in the AH interval by 50% (EDso) and 
the maximal response (Emax) were 3.4 + 0.9 mg, 
1.8 + 0.9 mg and 60 + 4%, respectively, in the 
control state, and 3.7 + 0.8 mg, 2.0 + 0.7 mg and 
56 + 4%, respectively, during isoproterenol infu- 
sion. No significant changes in EDso, Emax and the 
dose of adenosine yielding AV nodal Wenckebach 
block could be demonstrated between the control 
state and during isoproterenol infusion. Thus, the 
negative dromotropic effects of adenosine on AV 
-nodal conduction remained unchanged with 6-ad- 
` renergie stimulation. These findings suggest that 
adenosine may remain efficacious in terminating 
- eatecholamine-sensitive supraventricular tachy- 
_ cardia Involving the AV node as part of the reen: 
trant circuit. 

| (Am J Cardiol 1992;70:1427-1431) 
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fN ince the original study of Drury and Szent-Gyor- 
w gi. adenosine, an endogenous nucleoside, has 
‘been recognized to have potent cardiac electro- 
physiologic effects.? In the heart, adenosine depresses ` — 
sinoatrial node activity (negative chronotropism), atrio- 
ventricular (AV) nodal conduction (negative dromotro- 
pism) and ventricular automaticity which are mediated 
by specific A; receptors. Adenosine A; receptor-medi- 
ated effects in the heart can be either direct or indirect, 
or both.5 The direct effects of adenosine that are cy- 
clic adenosine monophosphate-independent,®’ activate 
the specific acetylcholine/adenosine-regulated potassi- 
um current. In contrast, the indirect effects of adenosine 
that are cyclic adenosine monophosphate-dependent,*” ` 
antagonize the stimulatory actions of catecholamines on 
inward calcium current and transient inward current. _ 
Recently, adenosine has also been shown to reduce — 
high-affinity binding of isoproterenol to B-adrenergic re- 
ceptors! and attenuate the release of norepinephrine 
from adrenergic nerve terminals.'! However, the inter- 
action between the effects of adenosine and D stimula- ` 
tion on the heart is not known in humans. Thus, in the ` 
present study, we attempted to investigate the function- — 
al interaction of the negative dromotropic effects of ` a 
adenosine under f-adrenergic stimulation by clinical ` 
electrophysiologic study. oe 





METHODS "2 
Study patients: Fifteen patients (9 men and 6 wom- - 
en, mean age 53.9 + 12.0 years) with normal AV nodal 
function (determined by normal distribution of antero- 
grade Wenckebach cycle length, and normal distribu- 
tion of effective refractory period of AV node and atri- 
um) were selected from a patient population studied in 
the electrophysiologic laboratory in Kaohsiung Medical ` 
College Hospital (Table D. Furthermore, in order to de | 
termine the precise change of AH interval produced by ae 
intravenous injection of adenosine, patients were exclud- `: 
ed when they had dual AV nodal physiology which was ` 
demonstrated during incremental pacing or atrial extra- ` ` a 
stimuli.'2 
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TABLE | Clinical Electrophysiologic Data Before and During Isoproterenol Infusion 
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GER if S oi E adenosine on AV nodal function. We chose EDso repre- 
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als Statistical analysis: All values are expressed as. 
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GEES EE EE S ` RESULTS 
Fog eee eee GE During consistent high right atrial pacing, adenosine 
GI S produced negative dromotropic effects by prolonging 
T the AH interval within 20 seconds after intravenous bo- 
m | =& | lus injection. The adverse effects of intravenous adeno- 
IS SS SSES SSES Il Z | sine— dyspnea, chest discomfort and face flushing 
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| sient. The intensity and duration of adverse effects ap- 
i | 2 | peared to be dose-dependent, and were not different be- 
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‘| S| | venous adenosine produced a dose-dependent prolonga- 
| Se | tion of the AH interval. The AH interval during con- _ 
ol ZS: | stant high right atrial pacing at a cycle length of 500 ms ` 
dE ` ase measured 160 ms (Figure 1). Intravenous: hovel of . d E 
& EE CSS adenosine (1, 2 and 3 mg) prolonged ‘the AH oe 
is Pas 175, 185 and 200 ms (9.4, 15.7 and 25.0% ir 
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termined and the dose-response curves of adenosine on nodal Wenckebach block was 3.4 + 0.9 mg. E 
AV nodal function are illustrated in Figure 2A. The During isoproterenol infusion, intravenous adenosine d 
values for EDso and Emax were 1.8 + 0.9 mg and 60 + also produced a dose-dependent prolongation of the AH ` 
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interval dr ch righ H atrial | pacing at H 
‘pacing cycle > lengths. During isoproterenol infusion at 
20 ug/min and with constant high right atrial pacing at 
a cycle length of 500 ms, the AH interval was shortened 
to 110 ms (Figure 3). Intravenous adenosine 1, 2 and 3 
S rolonged the AH interval to 120, 130 and 140 ms 
(9. 1, 18.2 and 27. 3% increase, respectively). The per- 
Cent increase in the AH interval at a given dose of aden- 
-osine among the 15 patients was also plotted (Figure 
2B). The values for EDso and Emax of adenosine with 
isoproterenol infusion were 2.0 + 0.7 mg and 56 + 4%, 
> respectively. The dose of adenosine to produce AV nod- 
` al Wenckebach block was 3.7 + 0.8 mg. Thus, between 

the control state and that during isoproterenol infusion, 

there were no significant changes in (1) the EDso and 

Emax Of adenosine, and (2) the dose of adenosine re- 
quired for producing AV nodal Wenckebach block (p 
> 0.05). 


DISCUSSION 
: The purpose of the present study was to compare 
dose responses of the negative dromotropic effects of 
` adenosine during the control state and during Gad. 
--renergic stimulation using isoproterenol infusion. The 
“study demonstrated that the dose-response curves of 
adenosine on AV node conduction were not altered de- 
-spite an isoproterenol-induced enhancement of AV node 
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motropism of adenosine is not attenu: e with B 
adrenergic stimulation: This study is the first to investi 
gate the interaction of adenosine and £ adrenergic st stim: 
ulation on AV nodal conduction i in hum a OS 








diac clectrophysiologic effects of isoproterenol ire medi- 
ated by its binding to -adrenergic receptorg 8 Its bind- SE 
ing is coupled to activation of adenylate cyclase which, ` 
in turn, increases the intracellular cyclic adenosine mo- ~ 
nophosphate level, leading to activation of the L-type 
calcium channels, shifting the pacemaker current Ip ` 


_toward more positive potentials, and enhancing the Ix, 


Ir, and Iq currents.!? These effects of -adrenergic — 
stimulation may combine to accelerate AV nodal con- 
duction and alter AV nodal refractoriness. 

Cellular electrophysiologic effects of adenosine: 
The A; receptor-mediated effects in the heart are essen- 
tially of 2 types: cyclic adenosine monophosphate-inde- | 
pendent and cyclic adenosine monophosphate-depen- is 
dent. "7 The direct effects of adenosine result in activa- 
tion of the acetylcholine/adenosine-regulated potassium 
current, which hyperpolarizes the cell membrane and 
depresses the action potential in the nodal zone of the ` 
AV nodal cells. In addition, the indirect effects of 
adenosine antagonize the G-adrenergic stimulation and 
also exert a depressive action on AV node conduction.® 
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Negative dromotropism by adenosine under isopro- 
terenol infusion: Previous studies demonstrated that iso- 
proterenol can shorten atrial and AV nodal refractori- 
‘ness and accelerate AV nodal conduction.?!?? These 
effects contrast with those of adenosine. Thus, we pre- 
dicted that the negative dromotropism of adenosine 
would have partially been reversed by isoproterenol in- 
fusion. However, this was not the case. Negative dromo- 
tropism of adenosine was identical between control state 
and with isoproterenol infusion (Figure 2, A and B). 
“This phenomenon may be explained as follows: During 
the control state, the prolongation of AV nodal conduc- 
tion time caused by adenosine is mediated by (1) direct- 
ly opening the Ixach potassium channels and (2) con- 
comitantly antagonizing positive dromotropism of 
endogenous catecholamines. During isoproterenol infu- 
sion, in addition to opening the acetylcholine /adenosine- 
regulated potassium current channels, adenosine may 
antagonize the effects caused by exogenous isoprotere- 
nol. These effects can be explained as followed: adeno- 
sine may (1) decrease intracellular cyclic adenosine mo- 
nophosphate level, (2) reduce high affinity binding of 
isoproterenol to B-adrenergic receptor,'® and (3) atten- 
uate the release of norepinephrine from nerve termi- 
nals.!! However, the other important determinant is the 
dose of isoproterenol. The dose of isoproterenol to short- 
en the sinus cycle length by 20 to 30% is accepted as 
the clinically equivalent increase of serum catechol- 
amine level!>:!6 and, under this exogenous isoproterenol 
stimulation, the catecholamine-sensitive supraventricu- 
lar tachycardia was induced.*2?? 

Study limitation: There were several limitations in 
the present study: (1) Because adenosine has a short 
half-life, it is difficult to measure the refractory period 
of the AV node. Thus, we chose AV nodal conduction 
time as a parameter of evaluating the AV nodal func- 
tion. (2) The dependency of adenosine effect on the 
speed of injection, circulation time, and the hemody- 
namic effect of isoproterenol may have potential influ- 
ence on the concentration of adenosine reaching the 
heart. However, because the study was performed in the 
clinical investigation, all experiments were carried out 
as carefully as possible. We believe that the present 
findings of a dose-dependent effect of adenosine are fea- 
sible. 

Clinical implication: Adenosine has been known to 
-be as effective as verapamil in terminating supraventric- 
ular tachycardia which involves the AV node as a part 
_ -of the reentry circuit.” For patients with AV nodal re- 
entry or AV reciprocating tachycardia, there is a subset 
group of patients who require isoproterenol to facilitate 
the electrophysiologic induction of sustained supra- 
-= ventricular tachycardia, which is referred to as cate- 
_ cholamine-sensitive supraventricular tachycardia.” A 
~ previous study has shown that in patients with catechol- 
amine-sensitive supraventricular tachycardia, intrave- 
_ nous verapamil is less effective than propranolol in sup- 
` pressing the inducibility of catecholamine-sensitive su- 
praventricular tachycardia.” Our findings suggest that 
adenosine may remain efficacious in terminating both 











classic and catecholamine-sensitive supraventricular ` : 
tachycardia which involves the AV node as part of the _ 


reentry circuit. 
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Stable Angina Pectoris 
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The effects of intravenous dofetilide on ventricular 
‚monophasic action potential duration and effective 
refractory period at the right ventricular apex and 
outflow tract were studied in 18 patients (aged 37 
to 70 year's) with ischemic heart disease. Six pa- 
tients received low-dose dofetilide as a 3 ug/kg 
loading dose over 15 minutes and a 1.5 g/kg 
maintenance dose over 45 minutes; 6 received 
high-dose dofetilide 6 + 3 ng/kg and 6 placebo. 

‘During atrial pacing at a cycle length of 800 ms 
high-dose dofetilide prolonged right ventricular 
apex monophasic action potential duration by 45 
ms (16%) and the effective refractory period by 
dü ms (16%). At the right ventricular outflow 
> tract, monophasic action potential duration was 
prolonged by 45 ms (15%) and effective refracto- 
ry period by 55 ms (219). During atrial pacing at 
a cycle length of 500 ms high-dose dofetilide pro- 
longed the right ventricular apex monophasic ac- 
tion potential duration by 40 ms (18%) and the ef- 
fective refractory period by 43 ms (21%). The 
tight ventricular outflow tract monophasic action 
potential duration was prolonged by 33 ms (14%) 
and effective refractory period by 45 ms (21%). 
-` Dofetilide produced no increase in the dispersion 
of repolarization between the 2 sites. During the 
maintenance infusion QTc prolongation by high- 
dose dofetilide averaged 43 ms (10%) with no in- 
crease of interlead QT dispersion. The effects of 
= dofetilide on QT interval and effective refractory 
period are shown to be due to a direct effect on 
action potential duration with no effect on disper- 
sion. No rate dependence of monophasic action po- 
tential. prolongation was detected at these cycle 
lengths. 

(Am J Cardiol 1992;70:1432-1437) 
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ofetilide (Pfizer) is a novel compound that has 

been shown to produce highly specific class III 

effects in animal studies.'? Preliminary clinical 
studies have shown dofetilide to prolong the QT interval 
and intracardiac refractory periods consistent with pro- 
longation of repolarization.*4 This indirect evidence of 
prolongation of repolarization in humans cannot ex- 
clude increased dispersion and gives little information 
on the effects on action potential duration at a cellular 
level. Endocardial contact catheters can produce mono- 
phasic action potential recordings closely resembling the 
transmembrane action potential waveform.>: This al- 
lows us to obtain direct evidence of drug effects on ac- 
tion potential duration. The present study examines the 
effect of dofetilide on ventricular monophasic action po- 
tential duration and effective refractory periods during 
sinus rhythm and pacing from the atrium and ventricle 
at cycle lengths from 800 to 500 ms. Two active dose 
levels and a placebo group were studied before and after 
dose administration. 


METHODS 

Study group: Eighteen men aged 37 to 70 years with 
symptoms of stable angina pectoris admitted for routine 
coronary angiography were recruited. Written informed 
consent was obtained. The study was approved by the 
local ethics committee. 

Exclusion criteria were uncontrolled heart failure, 
unstable angina, recent myocardial infarction (<3 
months), previous significant cardiac arrhythmias, QTc 
>420 ms, and resting systolic blood pressure >200 or 
<90 mm Hg or diastolic pressure >110 mm Hg. Calci- 
um antagonists were withheld for 2 days before the 
study. Nitrates were allowed throughout the study. Beta 
blockers were allowed during the study but were discon- 
tinued for 48 hours where possible. All patients had a 
full history and physical examination, urinalysis and 
baseline biochemistry and hematologic examination be- | 
fore inclusion. 

Protocol: After coronary angiography 2 combination 
pacing and monophasic action potential recording elec- 
trodes (EP Technologies, Mountain View, California) 
were inserted through a femoral vein to the right ven- 
tricular apex and right ventricular outflow tract. A 
quadripolar pacing electrode was passed from a femoral 


vein to the high right atrium. Atrial and ventricular ` 


DECEMBER 1, 1992 








thresholds were determined and the stimulator set to 
twice diastolic threshold with a 2 ms pulse duration. 
“The 3 intracardiac signals and 3 external electrocardio- 
graphic channels (I, aVF, Vu were recorded simulta- 
neously on a Siemens ink jet recorder at a paper speed 
of 100 mm/s. The signals were also recorded on VHS 
video tape using an 8-channel VCR adapter with a 0 to 
3.5 KHz frequency response (model PCM8, Medical 
‘Systems Corporation, Greenvale, New York). Mono- 
phasic action potential recordings were undertaken 
from both right ventricular sites during sinus rhythm 
and during atrial pacing at cycle lengths from 800 to 
500 ms. The distal terminal was connected to the posi- 
tive amplifier input to produce positive monophasic ac- 
tion potential deflection as previously demonstrated.’ 
"The monophasic action potential signals were obtained 
‘using a custom-built 3-channel direct-current coupled 
high-input impedance amplifier with a response range 
of 0 to 1 KHz and variable offset and gain. The initial 
monophasic action potential signal was considered ac- 
ceptable if the waveform had an obvious plateau phase 
with a stable beat-to-beat morphology and an amplitude 
of >10 mV. Monophasic action potential amplitude was 
measured from baseline to the crest of the plateau 
(phase 2).? Monophasic action potential duration was 
defined as the time from 10% depolarization on the up- 
stroke to 90% repolarization. Activation time was de- 
fined as the time from the stimulus artifact to the 10% 
depolarization point. During sinus rhythm the first rap- 
id deflection of the atrial electrogram in the high right 
atrial lead replaced the stimulus artefact. Repolariza- 
tion time was calculated as monophasic action potential 
duration plus activation time. Monophasic action poten- 
tial recordings were taken after 2 minutes of continuous 
-atrial pacing at each cycle length, from 800 to 500 ms 
in order to allow electrical restitution.’ Shorter cycle 
lengths were excluded because we previously found pac- 
ing for 2 minutes at cycle lengths <500 ms to induce 
angina in similar patients. 

After the atrial pacing sequence, the protocol was 
repeated from the right ventricular apex using the com- 
bination catheter. In addition, at the end of the 2-min- 
ute continuous pacing sequence at each cycle length, the 
ventricular effective refractory periods were measured 
by the extrastimulus technique at both apex and out- 
flow tract. Intravenous dofetilide was given as a 15-min- 
ute loading infusion followed by a 45-minute mainte- 
- nance infusion. After 15 minutes of the maintenance 
` infusion, repeat monophasic action potential recordings 
were performed during atrial and then ventricular pac- 
ing as previously described. 

The 18 patients were divided into 3 groups of 6 in a 
_ randomized, double-blind manner. Each group received 
- either low-dose dofetilide (3 ug/kg loading + 1.5 ug/kg 
maintenance), high-dose dofetilide (6 + 3 pg/kg) or 
„placebo (diluent only). The dose for each patient was 
-calculated according to the weight in kilograms and di- 
_ luted to 25 ml for the loading infusion and 45 ml for the 
-- maintenance infusion. The diluent contained 50 mg/ml 
` mannitol and 4 mg/ml citric acid monohydrate adjust- 




















ed to pH 3.5 with sodium hydroxide. All doses were ` 
prepared immediately before administration. Drug ad- ` 
ministration was terminated if the QTc exceeded 550 ` 
ms or if any proarrhythmic or adverse effects were 
noted. 

Samples for biochemistry and hematology were tak- 
en at screening immediately before and 24 hours after 
dose administration. Drug plasma levels were measured 
at 0, 15, 20 and 60 minutes after the start of the loading ` 
infusion. Plasma levels of dofetilide were measured by ` 
Pfizer Central Research, Kent, United Kingdom using ` ` 
a specific radioimmunoassay.” NEE 

A 12-lead electrocardiogram was recorded at screen- 
ing and at 0, 5, 10, 15, 20, 30, 40, 50 and 60 minutes 
after the start of the loading infusion and then at2,4,6 = 
and 24 hours. A Siemens 740 computerized electrocar- = — 
diograph was used which automatically calculated the 
heart rate, PR, QRS, QT and QTc. The QT interval ` 
was determined from a composite of all 12 leads using 
the Glasgow program which has been previously vali- 
dated.'!° The QTc was calculated using Hodges’ linear 
algorithm as QTc = QT + 1.75 X (heart rate — 60)." 
This algorithm showed a correlation with heart rate 
closer to zero than the Bazett algorithm in a study of 
1130 normal volunteers.!! The interlead QT dispersion 
was calculated using the times of Q onset and T end 
point calculated for each lead by the Siemens 740. No 
lead was excluded and the QT dispersion was taken as 
the difference between the maximal and minimal QT 
duration in any 2 leads. T dispersion was taken as the 
difference between the earliest and latest T end point in 
any 2 leads, These automatic measurements were vali- 
dated by comparison with manual QT measurement of 
3 complexes in each lead from tracings recorded before 
dose administration and at the end of the loading infu- 
sion at a paper speed of 50 mm/s and a gain of 5 
mV/cm. Continuous Holter recordings were taken at 
screening and immediately after the electrophysiology 
study using a Reynolds Tracker II recorder. 

Supine blood pressure was recorded at 0, 0.25, 0.5, 
1, 2, 4, 6 and 24 hours after starting the loading infu- 
sion. Direct recordings through the femoral arterial 
sheath were used while in the electrophysiology labora- 
tory and paired recordings to 2 mm Hg using a mercury 
column sphygmomanometer following this. 

Statistics: The effects of the 2 treatment regimens 
and placebo were compared by analysis of variance with 
a 95% probability regarded as significant. The sample 
size was based on an estimated baseline monophasic ac- 
tion potential duration of 240 ms with a standard devi- 
ation of 24 ms within the population. A sample size of 6 ` 
per treatment group would then have a >80% power of ` 
detection of a 20% increase in monophasic action poten- 
tial duration. | 















The pacing thresholds with the combination catheter 
were extremely low at 0.1 to 0.2 mA, presumably due to” 
close proximity and small surface area of the stimu 
ing electrodes.!? Pacing produced only a small sti 


ing infusion was kp ms in the wt group, 57n ms in eg 
low-dose group, and 67 ms in the high-dose group. Dur- 
ing the maintenance infusion QTc prolongation from 
baseline by low-dose dofetilide averaged 39 ms (10%) 
and high-dose 43 ms (10%). 

Dofetilide caused significant SE (p <0. 05) 
of monophasic action potential duration compared with 
placebo at all cycle lengths. The effect was similar at 





Se - the right ventricular apex and outflow tract during both 
atrial and ventricular pacing. The findings from the 
_. right ventricular apex during atrial pacing have been 


illustrated (Figure 1). The lack of change of monopha- 


: 2 sic action potential duration in the placebo group con- 
firms the stability of the measurement. The mean in- 


crease in monophasic action potential duration at the 
right ventricular apex produced by high-dose dofetilide 
during atrial pacing ranged from 40 ms (18%) at cycle 
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FIGURE 1. The change in monophasic action potential dura- 





` ` Bee (MAPD) at the right ventricular apex from before to after 
` dese administration in each treatment group during atrial pac- 


ing. Mean + standard error of the mean are shown (n = 6). 


SEN Dofetilide caused significant (p <0.05) increases in monopha- 
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penton of pares action E H 

demonstrated between the 2 dose level Effective re 
fractory periods were similarly prolonged by both dose: 
of dofetilide compared with placebo Ip <0. 05). b "be 
again with no difference between the 2 active treatment 
groups. The findings from the right ventricular apex are 
illustrated (Figure 2). As expected, effective refractory 








period correlated with monophasic action. potential du- ` 
ration at the right ventricular apex during ventricular 
pacing (Figure 3). The slope of the regression line was ` ~ 
unaltered after dofetilide (f ratio = 10.3, p <0.01), indi- - 


cating that the drug prolongs effective refractory period 
solely by virtue of its effect on action potential duration. 
Right ventricular monophasic action potential duration 
was proportional to cycle length at both sites during 
pacing and increased by 15 ms with each 100 ms step 
with ventricular pacing and by 19 ms with each step ` 


with atrial pacing. This is consistent with a previous ` 


study which showed an increase of 23/100 ms cycle ` ` 
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FIGURE 3. Relation of monophasic action duration 


potential 
(MAPD) to effective refractory period (ERP) at the right ven- 
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jncrease (3 After dofetilide, right ventricular 
‘monophasic action potential duration increased by 13 
ms with each 100 ms step with ventricular pacing, and 
‘by 20 ms with each step during atrial pacing. No clear 
evidence of reverse-use dependence was demonstrable 
within the range of cycle lengths studied (Figure 4). ` 


length 





No significant change in the dispersion of monopha- 


sic action potential repolarization between the right ven- 
tricular apex and outflow tract was detected after dofe- 
tilide at any cycle length. In all patients during sinus 
-rhythm or atrial pacing the right ventricular outflow 


“tract was activated first but had the longer monophasic | 


¥ 


“action potential duration so that repolarization occurred — 


in the opposite direction from apex to base. (Table I). 
-During ventricular pacing from the right. ventricular 
apex, the right ventricular outflow tract was activated 
last and as monophasic action potential duration re- 
mained longer in the outflow tract, repolarization. oc- 
curred in the same direction as depolarization from 
apex to base. The dispersion of repolarization time dur- 
ing ventricular pacing was greater than during atrial 
pacing. 

The pre-dose interlead QT dispersion determined by 
the automatic method correlated well with manual as- 
-sessment (r = 0.7, p <0.001). The mean difference be- 
tween the techniques was —4 ms, suggesting no system- 
-atic bias (Figure 5).'4 The variation between the 2 
` methods to 2 standard deviations was 41 ms, the same 
magnitude as the interlead dispersion. With use of the 
-automatic measurement dofetilide did not produce an 
increase in interlead QT dispersion, which remained be- 
tween 30 to 50 ms for all groups (Figure 6). The man- 
- ual measurement produced slightly higher levels for dis- 
-persion but again showed no increase after high-dose 
` dofetilide at 45 ms compared with the pre-dose level of 
` 41 ms. Dispersion of the T-wave end point was between 
40 and 70 ms for all groups and was also unaffected by 
dose level. Dofetilide was well tolerated in all patients 
with no proarrhythmic effects detected on Holter re- 
cording and no other adverse effects observed. 
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TABLE I Mean Dispersion 


Activation 
Mean + SD 
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Values are means of differences between monophasic action potential repolarization: 
times at the right ventricular apex and outflow tract for each pacing site and cycle. 
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DISCUSSION 


Effects of dofetilide: We have shown in the present 
study that prolongation of the effective refractory peri- 
od with dofetilide is due to prolongation of monophasic: _ 
action potential duration, confirming a class III effect. | 
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The percent prolongation was similar at both right ven. 


tricular sites. Our finding of monophasic action Doten: ` 
tial duration prolongation of 15 to 22% at a plasma con- 
centration of 4.4 X 107° M is consistent with previous — 
animal studies in which ventricular action potential du- 
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1 from ` > with dofetilide in the 
| nge 5 X 10-9 to 1 X 10-6 M2. In both 
this study and a previous study of atrial and ventricular 
effective refractory periods, the increased dose of dofeti- 










effective refractory period or monophasic action poten- 
tial duration, suggesting a nonlinear response.* This 
may be due to the selective effect of dofetilide on the 
` delayed rectifier I,.! Pure Ix blocking drugs may have a 
maximal effect on prolongation of action potential dura- 
_ tion beyond which further increases in plasma levels 
` have no effect.'> Hypothetically this may reduce the 
_ ability to produce torsades de pointes assuming electro- 
_— lytes remain stable. 
ae As in previous studies the effective refractory period 
_ Was approximately 85 to 90% of monophasic action po- 
_ tential duration at the apex during atrial pacing at all 
-< cycle lengths.'6 
Class IH drugs are known to show reverse-use de- 
` pendence which may limit their efficacy in the presence 
_ Of a tachycardia.” During ventricular pacing, intrave- 
nous sotalol, 1.5 mg/kg, increased the midseptal mono- 
_. phasic action potential duration in humans by 13% at a 
600 ms cycle length, but the effect decreased stepwise to 
6% at a 300 ms cycle length.'* In guinea pig papillary 
muscle, the prolongation of the cardiac action potential 
by dofetilide at 1076 M was reduced from 58 to 35% by 
decreasing the stimulation cycle length from 1,000 to 
500 ms.'? Although using similar cycle lengths, we 
demonstrated no such effects with dofetilide in humans. 
It may be that drugs such as dofetilide, which have a 
much more potent effect on the I, than sotalol, do not 
have significant reverse-use dependence in humans at 
the cycle lengths studied. It is likely that at shorter pac- 
ing cycle lengths, reverse-use dependence will occur 
— with dofetilide as with other I, blockers, and this will 
= require further study. 
a Proarrhythmia and dispersion of depolarization: Al! 
antiarrhythmic drugs can produce proarrhythmic ef- 
_ fects. Torsades de pointes is the most typical arrhythmia 
reported with class ITI drugs?®?! and is thought to arise 
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from bradycardia-deper den 


arising from Purkinje tissu ed cardiac 


bt Caniy ait 
issue following prolonged carc 
action potentials.” The monophasic action potential 
closely reflects repolarization in the underlying ventricu- 
lar muscle cells even in the presence of a superficial lay- ` 


er of Purkinje fibers.°” Drug-induced early afterdepo- 
larizations detected in transmembrane action potential 


recordings can be seen in simultaneous monophasic ac- ‘ 


tion potential recordings.® In common with other class 


II drugs, dofetilide at 1076 M has been shown to pro. _ 
duce early afterdepolarizations in guinea pig papillary 
muscles paced at 2,000 ms, although no such effect was 
noted in canine ventricle or Purkinje fibers at the same 
concentration.':'? We demonstrated no evidence of early ` 
afterdepolarizations at the cycle lengths and dose levels 
tested. 

It has been suggested that interlead QT dispersion 
may give a noninvasive marker of dispersion of ventric- 
ular repolarization. Drugs that increase arrhythmo- 
genic potential by increasing ventricular dispersion may 
be identified by increased QT dispersion. Previous stud- 
ies of QT dispersion in patients who have had myocardi- 
al infarction have been hampered by an inter- and in- 
traobserver variation of QTc analysis of approximately — 
30 ms. By using an automatic QT detection algo- 
rithm, we have been able to obtain a large number of 
measurements without observer bias. The interlead QT 
dispersion using the automatic measurement technique 
was found to be in the range of 30 to 50 ms and to be 
unaffected by dofetilide. These values are similar to 
those reported for manual analysis of QT dispersion 
in post-myocardial infarction patients receiving sotalol 
with no history of arrhythmia.”3 

Monophasic action potential recording: Endocardial 
contact monophasic action potential recording catheters 
allow assessment of drug effects on action potential du- 
ration and configuration for at least 1 hour.7-25 The 
quadripolar combination catheter is designed for simul- 
taneous pacing and monophasic action potential record- 
ing at closely adjacent sites to overcome the known vari- 
ability of action potential duration and effective refrac- 
tory period at different ventricular sites (7 Although 
previous studies using this catheter have produced mon- 
ophasic action potential recordings of 215 mV,26 we 
found signals of 10 mV to be sufficiently stable for anal- 
ysis of action potential duration. This reduced the need 
for remanipulation, thus increasing the likelihood of re- 
cording from the same site before and after dosing. 

A previous study of adaptation of monophasic action 
potential duration and effective refractory period fol- 
lowing a stepped increase in stimulation frequency from 
sinus rhythm to ventricular pacing at 380 ms demon- 
strated adaptation to be complete in 67 + 7.5 seconds 
despite a step of >250 ms in all cases.” We chose to 
pace continuously for 2 minutes at each cycle length in 
order to allow restitution and complete all cycle lengths 
within the 30-minute maintenance infusion. 

During sinus rhythm and atrial pacing, repolariza- 
tion occurred in the opposite direction to activation as 
has been previously demonstrated, minimizing disper- 
sion of repolarization.”” During ventricular pacing, re- "` 
polarization occurred in the same direction as activation D 











‘increasing dispersion. Similar findings have been report- 
ed in dogs using epicardial suction electrodes.”8 

-Prolongation of the cardiac action potential by dofe- 
tilide should reduce the excitable gap. Potentially this 
‘compound may be useful in the management of reen- 
trant tachyarrhythmias and fibrillation in both atria 
and ventricles. In this and previous studies dofetilide has 
‘shown an acceptable safety and toleration. profile. Fur- 


‘ther evaluation of the therapeutic potential of this drug ` 


is therefore warranted. 





` LG M, Arrowsmith JE, Blackburn KJ, Burges RA, Cross PE, Dalrymple 

CHW, Higgins AJ. UK-68,798: a novel, potent and highly selective class -IH 

“antiarrhythmic agent which blocks potassium channels in cardiac cells. J Phar- 
mec Exp Ther 1991;256:318-324. ao | 

3. Zuanetti G, Corr PB. Antiarrhythmic efficacy of a new class HI agent, UK- 
68,798 during chronic myocardial infarction: evaluation using three dimensional 
mapping: J Pharmacol Exp Ther 1991;256:325-334.. 

3. Sedgwick M, Rasmussen HS, Walker D. Cobbe SM. Pharmacokinetic and 
pharmacodynamic effects of UK-68,798, a new potential class IH antiarrhythmic 
drug. Br J Clin Pharmacol 1991;31:515-319. 

4. Sedgwick ML, Rasmussen HS, Cobbe SM. Clinical and electrophysiological 
effects of intravenous dofetilide (UK-68,798), a new class Tl antiarrhythmic 
drug, in patients with angina pectoris. Am J Cardiol 1992;69:513-517. 

S. Franz MR, Burkhoff D, Surgeon H, Weisfeldt L, Lakatta EG. In vitro 
validation of a new cardiac catheter technique for recording monophasic action 
potentials. Eur Heart J 1986;7:34-41. 

6. Ino T, Karagueuzian HS, Hong K, Meesmann M, Mandel WJ, Peter T. 
Relation of monophasic action potential recorded with contact electrode to under- 
lying transmembrane action potential: properties in isolated cardiac tissues: a 
systematic microelectrode validation study. Cardiovase Res 1988;22:255-264. 
7. Franz MR. Long term recording of monophasic action potentials from human 
endocardium. Am J Cardiol 1983;51:1629-1634. 

8. Endresen K, Amlie JP, Forfang K, Simonsen S, Jensen O. Monophasic action 
potentials in patients with coronary artery disease: reproducibility and electrical 
restitution and conduction at different stimulation rates. Cardiovasc Res 1987; 
21:696-702. 

-9, Walker DK, Aherne GW, Arrowsmith JE, Cross PE, Kaye B, Smith DA, 
Stophers DA, Wild W. Measurements of the class Hl antidysrhythmic drug UK- 
68,798 in plasma by radioimmunoassay. J Pharm Biomed Anal 1991;9:141-149. 

` 10; Willems JL, Arnaud P, van Bemmel JH, Bourdillon PJ, Degani R, Denis B, 
Graham 1, Harms FMA, Macfarlane PW, Mazzocca G, Meyer J, Zywietz C. A 
reference data base for multilead électrocardiographic computer. measurement 
programs. J Am Coll Cardiol 1987;10:1313-1321. 
£1. Macfarlane PW, Lawrie TDV. The normal electrocardiogram and vectorcar- 





"physiologic 


Beyer T, Kubler W. Reverse use-dependent effects of sotalol demonstrated by K 


CLINICAL ELECTROPHYSIOLOGY OF DOFETILID 









































diogram. In: Macfarlane PW, Law s. Comprehensive Electrocardi 
raphy. Oxford: Pergamon Press, 19 SE idee 
42. Franz MR, Chin MC, Sharkey HR, Griffin JC, Scheinman MM. A mn 
single catheter technique for simultaneous measurement of action potenti d du 
tion and refractory period in vivo. J Am Coll Cardiol 1990;16:878-886.. 
13. Franz MR, Swerdlow CD, Liem LB, Schaefer J. Cycle length dependence 
human action potential duration in vivo. Effects of single extrastimuli, sudd 
sustained rate acceleration and deceleration, and different steady-state frequen- 
cies. J Clin Invest 1988;82:972-979. d 
14. Bland JM, Altman DG. Statistical methods for assessing agreement between ` 
two methods of clinical measurement, Lancet 1986;1:307-310. the 
15. Beatch GN, MacLeod BA, Abraham S, Walker MJA. The in vivo electro- 
hysiological actions of the new potassium channel blockers, Tedisamil and UK ` 
68,798. Proc West Pharmacol Soc 1990;33:5-8. | 















16. Franz MR, Costard A. Frequency-dependent effects of quinidine on the- 
relationship between action potential duration and refractoriness in the canine ` 


heart in situ. ‘Circulation \988;77:1177-1384. 0 as 
17. Hondeghem LM, Snyders DJ. Class II] antiarrhythmic agents havea lot of- 
potential but a long way to go. Reduced effectiveness and dangers of reverse use 


dependence. Circulation 1990;81:686-690,. 0000 o oo. EHS 
18. Schmitt C, Brachmann J, Karch M, Waldecker B, Navarrette L, Montero M, 


recording monophasic action potentials of the right ventricle. Am J Cardiol ` 
1991;68:1183-1187. oe | SE 
19. Tande PM, Bjornstad H, Yang T, Refsum H. Rate-dependent class HE ` 
antiarrhythmic action, negative chronotropy, and positive inotropy of a novel i. o: 
blocking drug, UK-68,798: potent in guinea pig but no effect in rat myocardium. 
J Cardiovase Pharmacol. 1990;16:401~410. 
20. Leroy G, Haiat R, Barthelemy M, Lionnet F. Torsades de pointes during 
loading with amiodarone. Eur Heart J 1987;8:541-543. 

21. Neri R, Mestrioni L, Salvi A, Pandullo.C, Camerini E. Ventricular arrhyth- ` ` — 
mias in dilated cardiomyopathy: efficacy of amiodarone. Am Heart J 1981112: >. 
707-715. 
22. Sasyniuk BI, Valois M, Toy W. Recent advances in understanding the 
mechanisms of drug-induced torsades de pointes arrhythmias. Am J Cardiol- 
1989:64:293-323. 
23. Day CP, McComb JM; Campbell RWF, QT dispersion: an indication of 
arrhythmia risk in patients with long QT intervals. Br Heart J 1990;63:342-344: 
24. Abnve S. Errors in the visual determination of corrected QT (QTc) interval 
during acute myocardial infarction. J Am Coll Cardiol 1985;3:699- 702. 
25. Franz MR. Method and theory of monophasic action potential recording. 
Prog Cardiovasc Dis 1991,33:347-368. 

26. Morgan JM, Cunningham AD, Rowland E. Relationship of the effective 
refractory period and monophasic action potential duration after a step increase in 
pacing frequency. PACE 1990;13:1002-1008. 
27. Cowan JC, Hilton CJ, Griffiths CJ, Tansuphaswadikul S, Bourke JP, Mur- 
ray A, Campbell RW. Sequence of epicardial repolarisation and configuration of 
the T wave. Br Heart J 1988:60:424--433. S 
28. Kuo CS, Amlie JP, Munakata K, Reddy CP, Surawicz B. Dispersion af ` — 
monophasic action potential durations and activation times during atrial pacing, 
ventricular pacing, and ventricular premature stimulation in canine ventricles. 
Cardiovasc Res 1983;17:152-161. 












Using Re 









lation of the Atrioventricular , 
diofrequency Energy and a | 
Cardiac Approach 


Richard G. Trohman, MD, Tony W. Simmons, MD, Stephen L. Moore, DO, __ 





Michael S. Firstenberg, BA, Deborah Williams, MD, and James D. Maloney, MD 


__. Radiofrequency current catheter ablation was 
used successfully to create complete atrioventricu- 
far (AV) block in 60 of 61 patients (98%) with 
_. drug refractory supraventricular tachyarrhyth- 
mias. The remaining patient developed Mobitz | 
` AN block and is clinically improved (clinical effica- 
cy 100%). In 54 patients (89%), complete AV 
` block was achieved using a right-sided approach. 
Patiente aged >60 years needed significantly few- 
er right-sided radiofrequency applications to pro- 
duce complete AV block (5.3 + 5.3 vs 11.14 
10.0; p = 0.009). In 6 of 7 patients with unsuc- 
cessful right-sided ablation, a left ventricular ap- 
proach was used. In each case, 1 to 4 additional 
radiofrequency applications produced complete 
AV block. Patients with unsuccessful right-sided 
ablation were generaily younger than those with 
successful ablation (50 + 16 vs 64 + 11; 
p = 0.007). It is concluded that catheter ablation 
using radiofrequency current is an extremely ef- 
fective means of producing complete AV block. 
Older patients appear to be more susceptible to 
right-sided radiofrequency approaches. Left ven- 
tricular abiation easily produces complete AV 
block in patients refractory to right-sided at- 
tempts. : 
(Am J Cardiol 1992;70:1438-1443) 
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supraventricular arrhythmias since 1982.! Abla- 

tion of the atrioventricular (AV) junction has 
become an accepted method of managing drug refracto- 
ry atrial tachyarrhythmias. Experience with direct-cur- 
rent AV junctional ablation has resulted in complete 
heart block in approximately 85% of patients.? How- 
ever, there is controversy regarding the optimal energy 
source to produce complete heart block by catheter ab- 
lation. Radiofrequency current is an effective and safe. 
method to eliminate accessory pathway conduction and — 
cure AV nodal reentrant tachycardias. Success rates 
>90% have been reported.*4 To date, attempts to pro- 
duce complete heart block using radiofrequency current 
have been less successful. In a review of the cumulative 
results reported in 1990, complete heart block was 
achieved in 94 of 168 patients (56%).5 Two recent se- 
riesé” reported complete heart block in 12 of 13 (92%) 
and 16 of 17 (94%) patients. We report our results with 
radiofrequency ablation of the AV junction using a 
combined right and left-sided approach. 


Kies ablation has been used as a treatment for 


METHODS | 

Patients: From January 1991 to June 1992, 61 pa- 
tients (24 men and 37 women, aged 62 + 12.7 years, 
range 31 to 81) underwent radiofrequency ablation of 
the AV junction at our institution. A mean of 3.6 + 1.9 
antiarrhythmic agents had been tried before ablation. ` 
Forty-seven patients had chronic or paroxysmal atrial 
fibrillation. Four patients had atrial flutter. Intraatri- 
al reentrant tachycardia was present in four patients. 
Three patients had automatic atrial tachycardia. Two 
patients had AV nodal reentry tachycardia and a preex- 
isting dual-chamber pacemaker. One patient had ortho- 
dromic reentry tachycardia using a concealed accessory 
pathway and a preexisting dual-chamber pacemaker. 
Thirty-five patients had cardiac disease. (57%). Seven 
patients had primary myocardial disease, 13 valvular 
heart disease, 9 coronary artery disease, 1 hypertrophic 
obstructive cardiomyopathy, 1 constrictive pericarditis 


and 1 corrected transposition of the great vessels. The 


remaining 3 patients had combinations of coronary ar- 
tery disease and valvular heart disease (n = 2) or coro- 


nary disease and hypertrophic obstructive cardiomyopa- | = 


thy (n = 1). | l : SS 
_ Ablation procedure: Informed consent was obtained ` — 
for each procedure. Ablations were performed in the ` 


postabsorptive state using conscious sedation (diaze- E 
pam, or nalbuphine or midazolam hydrochloride, o a ` 


combination). Reliable temporary pacing was obtained ` S 














" by: Seenen subolavian or femoral vein puncture 
_ and placement of a 6Fr quadripolar electrode catheter 
e (Bard, Billerica, Massachusetts) in the right ventricular 
apex. In some patients, a second 6Fr quadripolar elec- 
trode catheter (Bard) was advanced to the right atrium 
> and used for right atrial pacing. 

‘Several types of catheters were used to perform the 
-ablations. In each case, we used a 7Fr steerable catheter 


with a 4 mm tip electrode (Polaris™, Mansfi eld, Ohio). 
Tn most patients, the catheter was a quadripo: lar cathe- 
sctrode spacing. In 





-ter with 5 mm or 2-5-2 mm interelect 
_ some cases, an octopolar catheter with 2 mm interelec- 
-trode spacing was used. The ablation catheter was ad- 
-vanced to record a His bundle potential through the 
tight femoral. (n = 60) and left subclavian (1 patient 
-with inferior vena cava filter) veins. In 6 of 61 patients 
` where the His bundle recording was initially achieved 
= from the right AV junction, successful AV junctional 
ablation was ultimately achieved by a GEELEN aortic 
(left AV junction) approach using the right. femoral ar- 
tery percutaneously. 

Energy was delivered using a radiofrequency lesion 
generator (Radionics, RFG 3-C, Burlington, Massachu- 
setts) between the distal (large tip) electrode of the 
‘catheter and a patch electrode (Polyhesive II™, Valley- 
lab, Boulder, Colorado) positioned on the left lateral 
-chest or left subscapular region. ` 

Statistical methods: Values are presented as mean 
+ 1 SD. Comparison between continuous variables was 
performed by means of Student’s t test. Discrete. vari- 
ables were compared by Fisher’s exact test. A p value 
<0.05 was considered significant. 


_ RESULTS 
S Right-sided ablation: Complete heart block was ac- 
, complished using a right-sided approach in 34 patients. 


FIGURE 1. Successful right-sided electrograms. a, in this elec- 


trogram, atrial (A) to ventricular (V) ratio is 2.2:1. His (H) po- 

tential is small, but distinct. b, this electrogram demonstrates 
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Mean power was 25.5. + 3 2 W 
was tolerated. without discomfor 
‘was. achieved with £ 
(82%). The remaining 10 patient 
+ 6.4 lesions to achieve complete AV block.. 


















Successful ee s (Figure 1 recorded. 

atrial electrogram with an atrial-to-ventricula ratio 
proaching (and often exceeding) 1. His bundle record- 
ings at successful sites were ‘small and distinct (20.1 
mV), or large and sharp, in accordance with techniques 
previously described.” The median number of lesions 
needed for successful ablation was A (mean 7.3 + 7.8). 
\ » Right-sided peepee 
. Ri igh t-sided success ` 












eded ; a mean of 2 | 


Patients aged >60 years (35 of 54 cases) needed sig- 
nificantly fewer lesions for right-sided success than did ` 
younger ones (5.3 + 5.3 vs 11.1 + 10.0; p= 0.009). 
Patients ki >60 years needed a mean of $825.7. 
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In contrast to right-sided ablation, successful sites re 
corded a large, sharp, A stable His bundle electrograr 














curred cones Zeg daat of adien. current EC 
in 2 patients. This discomfort stopped after cessation of ` ` 
energy delivery. In each of the 6 patients, complete AV 
block was achieved with 1 to 4 radiofrequency lesions. 
Patients with hypertrophic cardiomyopathy: Two _ 
patients with hypertrophic obstructive cardiomyopathy 
and paroxysmal atrial fibrillation underwent radiofre- 
quency ablation of the AV junction. In each case, suc- 
cessful ablation required only 1 right-sided application. ` 
No untoward sequelae occurred during catheter abla- 
tion. Each patient received a dual-chambered pacemak- _ 
er after catheter ablation. Both patients reported signifi- ` 
cant symptomatic improvement and remain in predomi- ` ` 
nantly normal sinus rhythm. a 
Effects of radiofrequency current on permanent 
pacemakers: Permanent pacemakers had been implant- 
ed in 16 patients before catheter ablation. During appli- 
cation of radiofrequency current, transient oversensing, 
undersensing or loss of capture (or a combination) was 
observed in 15 patients with permanent transvenous en- 
docardial leads (Figure 3). Pacemaker malfunction re- 
solved immediately after cessation of energy delivery in 
13 patients. One of these patients. developed persistent 


FIGURE 2. Successful left-sided electrograms. a, atrial to von- 
tricular ratio is 0.2:1. b, in this electrogram, atrial activity is 

virtually absent. This His bundle potential measures 0.36 mV. 
HBE = His bundle electrogram; other abbreviations as in Fig- 

ure 1. 
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ventricular ó oversensing, ba a reprogramming, did 
not need lead or generator revision. Another patient 
(with a dual-chamber pacemaker) demonstrated inter- 
mittent ventricular capture after ablation. Shunting of 
radiofrequency current down the lead likely produced 
injury at its tissue interface and exit block. Replacement 
of the ventricular lead was needed. The generator and 
atrial lead functioned normally. Tt 





‘sient or permanent malfunction. ` 
Other complications: Radiofreq 






(3.3%). One patient developed ventricular fibrillation 
within 24 hours of ablation and pacemaker implanta- 
tion (1 session); she had needed only 1 radiofrequency 
lesion to produce complete. AV block. The ventricular 
Jead was undersensing before this event. It is possible 
that the undersensing resulted in an R-on-T event and 
ventricular fibrillation. However, the pacemaker was set 
at a lower rate of 60 beats/min after ablation. It is more 
likely that this arrhythmia was related to relative brady- 
cardia (simulating torsades de pointes) during a time of 
increased vulnerability (after ablation). The patient was 


resuscitated without sequelae. She has had no complica- 


tions during 16 months of follow-up. All subsequent 
pacemakers were programmed to a minimum rate of 90 
beats/min for 24 hours after ablation. 

"The second patient developed cardiac tamponade 
several hours after ablation. He was hypotensive and 
had a cardiac arrest. Surgical repair of a right ventricu- 
lar perforation (related to his temporary pacing cathe- 


e med d VVI at rate of GO beats/min. 


we patient with per- 


manent epicardial pacing leads had no evidence of tran- ) 3. 1% (normal ı Ta d ges 20 to 180 IU /liter, and 0 to 4%, R 


: Cena ablation of the 
AV. junction resulted in 2- significant ‘complications | 
AV block. He is permanently paced (because of epi- 

though he continues to have paroxysms of atrial fibrilla- 


of 110 beats / min. He is clinically improved. 








ter) was needed. Although resuscitation, was success ‘ul, 
there was significant cerebral anoxia, and the patient 
subsequently died. 

Overall results: Complete heart block was achieved ; 
in 60 of 61 patients (98%). Creatine phosphokinase and 
MB fractions were measured every 4 hours for 24 hours - 
after the procedure. Mean creatine phosphokinase was - 
172 + 144 TU/liter, and mean MB fraction was 3.34 ` 





ectively). ` | 3 
The 1 “unsuccessful” patient had modification of ` 
AN conduction, such that he has intermittent Mobitz I _ 


sodes of 2:1 AV block with slow ventricular rates). Al- l 
tion, he never exceeds his pacemaker’s upper rate limit S 


Two patients with successful right-sided ablations 
died during follow-up; 1 had progressive congestive 
heart failure, and the other died of a ruptured aorta. 
Neither patient had evidence of ventricular arrhythmias 
or pacemaker malfunction at the time of death. The re- 
maining 57 patients have been followed in our pace- 
maker clinic and are well after catheter ablation. No ` 
patient has had resumption of AV conduction after the 
initial successful ablation (mean follow-up 9.7 + 4.7 
months). 

DISCUSSION 

Direct-current ablation of the AV junction, although 

generally reliable, does result in some clinical failure. 













! Complications of direct-current ablation fetes. tae 
-sient hypotension, cardiac perforation and tamponade, 
_ transient junctional and ventricular arrhythmias, sep- 
_ Sis, pericarditis, pneumothorax-hemothorax, deep ve- 
nous thrombosis, pulmonary embolism, malfunction of 
` preexisting pacemakers, and late sudden death. These 
limitations have led to investigation of alternative tech- 
niques for ablation. 
_ Huang et al? prospectively compared the effects of 
radiofrequency and direct-current catheter ablation in 
18 dogs. They found that radiofrequency ablation creat- 
<- ed less ventricular dysfunction, fewer proarrhythmic ef- 
fects, less damage to the electrode catheter, and smaller 
lesions with more discrete and homogenous margins. 

Yeung-Lai-Wah et al! achieved permanent com- 
plete heart block (while delivering remarkably few ra- 
diofrequency lesions) in 28 of 32 patients (88%). The 
small number of radiofrequency lesions applied in their 
study is probably attributable to the use of a map-guid- 
ed approach for localization of the most proximal His 
bundle potential. 

A recent report demonstrated the efficacy of a left- 
sided approach to radiofrequency ablation of the AV 
junction.* This approach likely targets the penetrating 
bundle of His rather than the AV node and was success- 
ful in 8 of 8 patients. Using a combined right- and left- 
sided approach to radiofrequency ablation of the AV 

_ junction, we achieved complete heart block in 60 of 61 

_ patients. Our right-sided success rate was 89% (54 of 
61). The mean number of right-sided lesions needed to 
achieve complete AV block (7.3 + 7.8) was similar to 
that reported by Langberg et al 

In analyzing the data, it is noteworthy that 44 of 54 
right-sided successes (82%) needed <12 radiofrequency 
applications. Using a mean of 22 + 6.4 right-sided le- 
sions, success was achieved in only 10 of the remaining 
17 patients (59%). In 6 of the remaining 7 patients, 
complete heart block was achieved with a mean of 1.8 
+ 1.1 left-sided radiofrequency applications. In contrast 
to a suggestion by Sousa et al,® left-sided ablation was 

-not needed in the 2 patients with hypertrophic cardio- 
myopathy. Complete AV block was achieved with 1 
right-sided radiofrequency application in each patient. 

Patients aged >60 years were more susceptible to 
the effects of radiofrequency energy than were younger 

ones. This suggests subtle changes in the AV junction 
` (perhaps occult fibrosis), which have little or no effect 
` on baseline AV conduction. 
~ No electrogram pattern was universally successful. 
Some investigators have suggested that the ideal elec- 
‘trogram records a large atrial potential and a very tiny 
His bundle potential.” The idea is to target the AV node 
specifically for ablation. Approaches aimed at recording 
a large atrial and good-sized, distinct His bundle re- 
~ cordings have also been advocated.’ Without using a 
- .map-guided system, we found both of these approaches 
` to be useful. The successful right-sided ablations were 
` associated with relatively large atrial electrograms and 
` excellent tissue contact. Success could be achieved in 
- some cases with tiny His bundle recordings, and in oth- 
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‘These 2 EE p 
appear to be complementary rather than mutually ex- 
clusive. In contrast, successful left-sided ablation was 
determined by recording a sharp, stable, His bundle po- 
tential. As previously mentioned, in 2 cases, success was _ 


achieved despite the virtual absence of atrial recordings ` 


on His bundle electrograms. a 

In contrast to other report, (JO we have not observed _ e 
resumption of AV conduction after any. ablation session. _ 
Early in our experience, permanent pacemakers were _ 
implanted after 24 hours of observation. Permanent ` 
pacemakers are now routinely implanted during the 
same session if complete heart block has been achieved 
for a period of 30 to 45 minutes. There are concerns 
regarding excessive procedure times with all forms of 
radiofrequency ablation. Our data is somewhat limited 
because we were not systematic early in this series in 
recording total procedure times. However, it is now 
commonplace in our laboratory for the entire procedure 
(ablation, 30- to 45-minute waiting period and perma- 
nent pacemaker implantation) to be completed within 3 
hours. 

Radiofrequency ablation has a distinct advantage in 


patients with preexisting pacemakers. We previously re, 


ported a significant incidence of device malfunction 
(and replacement requirement) in patients undergoing 
direct current ablation.'' Although transient pacemaker 
malfunction occurs frequently during the application of 
radiofrequency energy, clinically significant permanent 
effects appear to be infrequent. By reducing the inci- 
dence of device and lead replacement, radiofrequency 
energy significantly improves patient safety, decreases 
the length of hospital stay, and therefore reduces medi- 
cal expenses. 

Radiofrequency ablation is now the treatment of 
Choice for production of complete AV block using per- 
cutaneous catheter techniques. The success rate using 
combined right- and left-sided techniques can approach 
100%. Similar success rates have been recorded using a - 
combined radiofrequency and direct-current shock ap- 
proach on the right side? We do not believe the risk 
associated with direct-current ablation is warranted 
in patients with unsuccessful right-sided ablation. Al- 
though there were 2 complications in this series, both 
were likely avoidable and could not attributed to ra- 
diofrequency energy per se. 
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Long-Term Results of Percutaneous Mitral 
Valvuloplasty with the Inoue Balloon Catheter 


Chuan-Rong Chen, MD, Tsung O. Cheng, MD, Ji-Yan Chen, MD, Ying-Ling Zhou, MD, 
Jia Mei, MD, and Tie-Zheng Ma, MD 


The initial 85 patients who successfully under- 
went percutaneous mitral valvuloplasty (PMV) 
with the Inoue balloon catheter at the Guangdong 
Cardiovascular Institute between November 1985 
and November 1988 had a mean follow-up period 
of 5 + 1 year (range 43 to 79 months). Before and 
after PMV and at follow-up, mean diastolic mitral 
gradients by the catheter method were 17.5 + 
6.2, 3.1 + 3.3 and 3.3 + 3.4 mm Hg, respectively 
(p <0.001 before vs after PMV and before vs fol- 
low-up; and p >0.05 after PMV vs follow-up). 
Mean diastolic mitral gradients by the Doppler 
method were 18 + 6, 8 + 5 and 9 + 5 mm Hg, re- 
spectively (p <0.001 before vs after PMV and be- 
fore vs follow-up; and p >0.05 after PMV vs fol- 
low-up). Mitral valve areas by the echo-Doppler 
method were 1.1 + 0.3, 2.0 + 0.4 and 1.8 + 0.5 
cm, respectively (p <0.001 before vs after PMV 
and before vs follow-up; and p >0.05 after PMV 
vs follow-up). Phonocardiographic and vectorcar- 
diographic studies, and cardiopulmonary exercise 
testing showed significant improvement after 
PMV and at follow-up. Functional status before 
PMV was New York Heart Association class IV in 
2 patients, class lil in 52, and class Il in 31; at fol- 
low-up, the status was class | in 74, class Il in 6, 
and class Ill in 5. All 5 patients (6.8%) in class Ill 
developed mitral restenosis; in all 5, severe mitral 
calcification and subvalvular fusion were found by 
2-dimensional echocardiography. It is concluded 
that PMV with the Inoue balloon catheter can 
achieve excellent and sustained long-term results 
in relieving symptomatic, rheumatic mitral steno- 
sis in patients without severe mitral calcification 
and subvalvular fusion. 

(Am J Cardiol 1992;70:1445-1448) 
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FOLLOWUP OF INOUE BALLOON MITRAL VALVULOPLASTY 1445 


ternative to surgical commissurotomy was first 

described by Inoue et al! in 1984. Subsequent re- 
ports™!? have confirmed its efficacy. There have been 
few long-term follow-up studies reported. We previously 
reported the early* and late!? results in a series of pa- 
tients who underwent percutaneous mitral valvuloplasty 
(PMV) with the Inoue balloon catheter at the Guang- 
dong Cardiovascular Institute. In this study, we present 
the long-term outcome of 85 patients in whom the fol- 
low-up period was extended to 43 to 79 months (mean 5 
+ 1 year). 


METHODS 

Patients: Between November 1985 and November 
1988, 85 patients (23 male and 62 female, aged 33.6 + 
7.2 years, range 15 to 56) successfully underwent PMV 
with the Inoue balloon catheter at the Guangdong Car- 
diovascular Institute. Mean duration of illness was 7.0 
+ 5.2 years (range 4 months to 24 years). Fourteen pa- 
tients had associated mitral regurgitation (1+/4+ in 
11, and 2+/4+ in 3), 21 had aortic regurgitation 
(1+/4+ in 15, and 2+/4+ in 6), and 2 had aortic ste- 
nosis (aortic systolic peak gradient <50 mm Hg). Mi- 
tral calcification was found in 34 patients (1+/3+ in 
23, 2+/3+ in 8, and 3+/3+ in 3), and atrial fibrillation 
was present in 13. Functional status was New York 
Heart Association class IV in 2 patients, class HI in 52, 
and class II in 31. Mean body surface area was 1.4 + 


P ercutaneous balloon mitral valvuloplasty as an al- 





SEG 


0.1 m2, mean height 159 + 6 cm and mean body weight 2 S 


49 + 7 kg. 

Technique: PMV with the Inoue balloon catheter 
was described previously.” 4713 More recently, we used 
a modified technique of transseptal puncture in which 
the puncture site was chosen as the intersection between 
the lower one fourth of the shadow of the left atrium 
and the right one third of the spine for patients with 
moderate dilatation of the left atrium. With this lower 
puncture site, it was much easier to advance the Inoue 
balloon catheter from the left atrium into the left ven- 
tricle. 

Complications included cardiac tamponade in | pa- 
tient, exacerbation or production of mitral regurgitation 
in 12 (3+/4+ in 2, 2+/4+ in 1, and 1+/4+ in 9), and 
residual atrial septal defect in 2. Because the 16Fr dila- 


tor was replaced by the 14Fr one, atrial septal defect ` 


was no longer observed. 


The diameter of the Inoue balloon was 26.7 + 1 6: 
mm, with the ratio of effective balloon dilating-to-body 


surface area!* <4 cm? /m?. The incidence of mitral re- 
gurgitation after PMV is reduced if balloon sizes are 


chosen so that the ratio of effective balloon dilating-to- 


body surface area is <4 cm*/m’. 1 




















and noninvasive studies were performed 1, 3, 6 and 12 
months, and then- every year after PMV. Repeat cardi- 
ac catheterization was performed 12 to 36 months after 
PMV. Mean follow-up period was 5 + 1 year (range 43 
to 79 months). 


RESULTS 
~ Clinical and hemodynamic results showed signifi- 
` _ Cant improvement ane PMV at a follow-up of 5 + 1 


Class I in 31 before PMV to class I in 69, class II in 15, 
and class III in 1 after PMV, and to class I in 74, class 

H in 6, and class II] in 5 at follow-up (Figure 1). In the 

5 patients in class III at follow-up, mitral restenosis oc- 
curred 1.5, 3, 4, 4.5 and 6 years, respectively, after 

_ PMV; in all 5 patients, severe mitral calcification and 
~-subvalvular fusion were found by 2-dimensional echo- 
cardiography. The second patient in whom mitral reste- 
nosis occurred 3 years after PMV refused mitral valve 
replacement. Repeat PMV was successful in reducing 
the diastolic mitral gradient from 15 to 2 mm Hg, in- 


Pre-PMV Post-PMV Fu 





. FIGURE ee ee ee r 
provement after mitral valvuloplasty (PMV) with 


` ` gue balloon catheter. Fu = follow-up; NYHA = New York 
Heart Association functional classification. 








*p<0.001 Pre vs Post & Pre vs Fu 
**p>0.05 Post vs Fu 


H Follow-up clinical examination 


SE F unctional status improved from New York Heart 
` Association class IV in 2 patients, class III in 52, and 












| creasing the mitral valve a area a from 0. Bt to 2 4 cm? and 





improving New York Heart Ass ociation class from III 
to I, which has been maintained for >2 years. The other 
4 patients underwent mitral valve replacement, and se- _ 
vere mitral stenosis with severe calcification and subval- | 
vular fusion was found at operation in all. Së 

Systolic pulmonary artery pressure was 52 + 22, 36 = 
+ 17 and 37 + 18 mm Hg before and after PMV and — 
at follow-up, respectively (p <0.001 before vs after — 
PMV and follow-up; and p >0.05 after PMV vs follow- 
up). Mean left atrial pressure was 21 + 7,10+49 and ` 
11 + 10 mm Hg before and after PMV and at follow- 
up, respectively (p <0.001 before vs after PMV and be- 
fore vs follow-up; and p >0.05 after PMV vs follow-up) 
(Figure 2). Mean diastolic mitral gradient measured by 
the catheter method was 18 + 7,3 + 3 and 3 + 3 mm 
Hg before and after PMV and at follow-up, respectively 
(p <0.001 before vs after PMV and before vs follow-up; 
and p >0.05 after PMV vs follow-up) (Figure 3). 

By the Doppler method, mean diastolic mitral gradi- 
ent was 17 + 6, 8 + 5 and 9 + 5 mm Hg before and 
after PMV and at follow-up, respectively (p <0.001 be ` 
fore vs after PMV and before vs follow-up; and p >0.05 ` 
after PMV vs follow-up) (Figure 3). Mitral valve area 


Catheter Method Doppler Method 


*p<0.001 Pre vs Post & Pre vs Fu 
“p>0.05 Post vs Fu 
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FIGURE 3. Mean diastolic mitral gradient measured by cathe- 
ter and Doppler methods showing significant reduction after 
en ae ren en enn ee | 





*p<0.001 Pre vs Post & Pre vs Fu 
**p>0.05 Post vs Fu 









measured by 2-dimensional echo-Doppler method was 
1.1 + 0.3, 2.0 + 0.4 and 1.8 + 0.5 cm? before and after 
PMV and at follow-up, respectively (p <0.001 before vs 
after PMV and before vs follow-up; and p >0.05 after 
PMV vs follow-up) (Figure 4). Mean left atrial dimen- 
sion measured by echocardiography was 42 + 6, 37 + 6 
and 37 + 6 mm before and after PMV and at follow- 
up, respectively (p <0.001 before vs after PMV and be- 
fore vs follow-up) (Figure 5). Left ventricular end-dia- 

stolic dimension was 42 + 5, 44 + 4 and 44 + 4 mm 
before and after PMV and at follow-up, respectively (p 


TABLE I Cardiopulmonary Exercise Testing ` 


Before PMV ` ` After PMV. Follow-Up 


7 t2" 


42 * 9* 
16 £ 5* 


9 2T 
BO + OT 
20 + St 


GEZ 
37 +10 
15«2 


Og pulsemax (mi/ beat) 
. VOzmax (mi/min/kg) 
VOoAT (mi/min/kg) 

ap > 0.05 before versus after; fp < 0.001 before versus follow-u 


p. 
_ PMY = percutaneous mitral valvuloplasty; VOvsAT = anaerobic threshold; 
YOomax = maximal oxygen consumption, 
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*p<0.001 Pre vs Post & Pre vs Fu 
**n<0.01 Pre vs Post & Pre vs Fu 
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*p<0.001 Pre vs Post & Pre vs Fu 
*“p>0.05 Post vs Fu 



















<0.01 before vs after PMV and before vs follow-up) ` 
(Figure 5). l 

The phonocardiographic interval between the Q- 
wave and mitral component of the first heart sound de- 
creased from 84 + 14 ms before PMV to 74 + 12 after ` 
PMV and 74 + 14 at follow-up (p <0.001 before vs 
after PMV and before vs follow-up) (Figure 6). The. 
phonocardiographic interval between the aortic second 
sound and opening snap increased from 73 + 18 ms 
before PMV to 88 + 10 after PMV and to 91 + 14 at 
follow-up (p <0.001 before vs after PMV and before vs 
follow-up) (Figure 7). 

The electrocardiographic and vectorcardiographic 
improvement was significant after PMV and well main- 
tained at follow-up. The frontal QRS axis, as a reflec- 
tion of right ventricular strain, was 89 + 22°, 81 + 18° 
and 79 + 27° before and after PMV and at follow-up, 
respectively. The voltage of the P-loop in the frontal 
plane of the orthogonal vectorcardiogram. decreased 
from 0.24 + 0.04 mV before PMV to 0.20 + 0.03 after 
PMV and to 0.19 + 0.06 at follow-up (p <0.001 before 
vs after PMV and before vs follow-up) (Figure 8). 


*p<0.001 Pre vs Post & Pre vs Fu 
*tp>0.05 Post vs Fu 
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FIGURE 7. Phonocardiographic interval between aortic sec- 
ee 
up (Fu). 
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mo significant improvement immediately after PMV 
(within 30 days), very good results were observed in 
_ maximal oxygen pulse and consumption and anaerobic 

threshold at follow-up (p <0.001 before PMV vs follow- 
up) (Table D. 


_ The follow-up period of our experiences with PMV 

using the Inoue balloon catheter, which we reported in 
1990,'3 have now been extended from 3 to >5 years. 
The long-term results remain excellent. In our experi- 
ence,”4,7,13.16-18 associated mitral or aortic regurgitation 
(or both) of modest degree did not influence the long- 
term results of PMV. 

Because the mechanism of both single Inoue balloon 
and double Mansfield balloon mitral valvuloplasty is the 
same as for surgical commissurotomy (e. commissural 
splitting),!°° there should be no significant difference 
in the results obtained between the 2 methods of balloon 
valvuloplasty. This was well-demonstrated recently.”-!! 
The Inoue balloon technique is definitely easier to per- 
form, with a shorter radiation time and less complica- 
tions.®.”!!2! Because the Inoue balloon catheter can be 
positioned in the left ventricle without placing a guide- 
wire deep in the left ventricle, and because the Inoue 
balloon is substantially shorter and does not impinge on 
the left ventricular apex during balloon inflations, it has 
not been associated with left ventricular perforation in 
>15,000 patients worldwide.'’ In contrast, this serious 
complication is consistently found in 1 to 3% of patients 
in whom the double-balloon technique is used.** 

Restenosis occurred in 6.8% of our patients; in all 
these patients, severe mitral calcification and subvalvu- 
lar fusion were the responsible mechanisms. This inci- 
dence compared very favorably with that after surgical- 
ly closed commissurotomy, which ranged from 2523-4 to 
28%.*>-6 It is not known whether the rate of restenosis 
after Inoue balloon PMV will increase with a longer 
follow-up period. Mitral restenosis can be treated by re- 
peat PMV if there is no severe mitral calcification or 
extensive subvalvular fusion. 
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-The epidemiology, clinical features, microbiology 
and outcome of 30 episodes of nosocomial endo- 
carditis occurring over a 13-year period were re- 
viewed and compared with 148 cases of communi- 
ty-acquired endocarditis. Twenty-eight patients 
(93%) had been in hospital for >1 week and 10 
patients (33%) for >1 month when they developed 
endocarditis. Left-sided infection was most fre- 
quent; only 3 cases involved the tricuspid valve. 
Compared with community-acquired infection, pa- 
tients tended to be older, had a greater incidence 
of congestive cardiac failure (p = 0.001) or hypo- 
tension (p = 0.0008) at presentation and were 
more likely to have bacteremia after an invasive 
procedure (83 vs 31%; p <0.00001). Intravascu- 
lar devices were the presumed source of bacter- 
emia in 11 cases (37%); the same organism was 
isolated from both the blood and the suspected 
source of infection. Staphylococcus aureus was 
the most frequent causative organism, accounting 
for 17 episodes (57%), including 4 (13%) due to 
methicillin-resistant strains. Nosocomial endocar- 
_ ditis had a significantly higher mortality than did 
community-acquired infection (40 vs 18%; 
p = 0.02). Eight patients (27%) needed valve re- 
placement. Proper adherence to protocols for 
“management of intravascular devices and appro- 
priate antimicrobial prophylaxis before proce- 
dures may have prevented endocarditis in 15 of 
30 patients. 

(Am J Cardiol 1992;70:1449-1452) 
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- features, and presence of a mechanical prosthesis; and ` 


procedure performed in the hospital within the preced 
ing 8 weeks of admission, or the first onset of symptoms 


with endocarditis after SE demal procedu: 
were excluded. Kee "EE 





osocomial infections are an increasingly impor- 
tant problem; bacteremia is estimated to occur 


in 2.5 to 5 of 1,000 hospital admissions in the 
United States LZ Recent trends in the United States in- 

clude the resurgence of Staphylococcus aureus, and the 
increasing frequency of coagulase-negative staphylo- 

cocci, enterococci and fungi as causes of nosocomial 
bacteremia? This largely reflects the increasing use of 
intravascular devices. (including cardiac valve prosthe- 

ses), the use of invasive mechanical life support systems, 

and the performance of intestinal and urologic surgery, ` 
particularly i in elderly patients. Nosocomial endocarditis. = 
is considered uncommon, but has been reported in 13 to . 
29% of cases of infective endocarditis.** Patients with 
underlying valvular heart disease and prosthetic cardiac 

valves are especially at risk of developing endocarditis 

after an episode of bacteremia.’ In reviewing our experi- 

ence with infective endocarditis over the last 13 years, a 
substantial number of cases were clearly hospital-ac- 
quired. The epidemiology, clinical features, microbiolo- 

gy and outcome of 30 episodes of nosocomial endocardi- 

tis are presented and compared with 148 episodes of 
endocarditis not acquired in the hospital. 





METHODS 

Patients with infective endocarditis were studied be- 
tween. 1979 and 1991 at a large general hospital with 
medical, surgical, obstetric and pediatric services, in- 
cluding intensive care units, and regional referral units ` 
for renal and bone-marrow transplantation. During this 
period, all patients with a diagnosis of infective endocar-. | 
ditis were assessed by members of the infectious diss = 
eases and microbiology unit during their illness and at ` 
follow-up. Hospital records of patients with a discharge = 
diagnosis or postmortem findings of infective endocardi- 
tis were reviewed. The following details were recorded: ` ` 
age, sex, dates of admission, isolation of organism, and _ 
diagnosis of endocarditis; causative organisms, clinical 
























prior cardiac, genitourinary ; and gastrointestinal surgery ` 
or instrumentation, and response to therapy (cure, re 
lapse, death and complications). — ; 

Definitions: Criteria for the inclusion of cases of en, ` 
docarditis were adopted from von Reyn et al.!° All defi- ` 
nite, probable and possible cases were included in the 
study. Nosocomial endocarditis was identified in pa 
tients in whom: endocarditis was directly related to a 


occurred 248 hours after admission, or both. Paie 








-Statistical “analyses 


E mated sample size was <5. 





= dred Seventy-eight episodes of infective en- 

oe docarditis occurred in 169 patients, with 30 cases (17%) 

considered to be Portital acquired, Of the average of 15 
episodes of endocard 

-during the study 





| “period, 2 were SR Approxi- 
mately 33,0 DO Keen year were admitted to the hos- 





pital, prov ding estimated incidences of endocarditis of 
4,5/10,000 admissions and of nosocomial endocarditis 
of 0.8/10,000 admissions. 

Fifteen episodes of nosocomial endocarditis were 
classified as definite, 11 probable and 4 possible. Twen- 
ty-one of the 27 patients were men. The ages of the 
patients ranged from 22 to 77 years (median 62); 16 
patients (53%) were aged >60 years compared with 58 
“patients (39%) with community-acquired endocarditis 

(pe 0.15). Twenty-eight patients had been in the hospi- 
tal for >1 week, with 10 developing endocarditis after 1 
month in the hospital. 

Underlying native valve abnormalities were present 
in 11-of 25 nosocomial cases compared within 56 of 112 
community-acquired cases. Five patients (17%) with 

_hospital-acquired infection had prosthetic cardiac valves 
-in situ compared with 29% with nonnosocomial endo- 
carditis (p = 0.16). Left-sided endocarditis was most 
frequent; 17 patients had aortic and 13 mitral valve in- 
- fection. Tricuspid valve involvement occurred in 3 pa- 
tients; all the episodes were related to infected intravas- 
-cular devices. No patient had underlying valve abnor- 
malities. 
=o Clinical aspects: Clinical features at presentation, 
which were similar to those in patients with community- 
acquired endocarditis, included fever in 23 cases (77%), 
_ and embolic phenomena, including neurologic complica- 
eee tions, in 20 (67%). Twenty-three patients developed a 
new or changing murmur. However, congestive cardiac 
_. failure and hypotension were more frequent in patients 
_ with nosocomial endocarditis; the former occurred in 16 
- of 30 (53%) vs 34 of 148 (23%) episodes (p = 0.001), 
and the latter in 8 of 30 (27%) vs 12 of 148 (9%) 
(p= 0.008). Twelve patients (40%) presented to the 
hospital within 7 days of the onset of symptoms com- 
ed with 43 (29%) with community-acquired endo- 
ditis. Two patients with culture-negative endocarditis 
sented with fever, signs of embolic phenomena, and 
urmurs. | in 7 cases, the diagnosis of endocarditis 
; obtained until >1 month in the hospital, and in 
its o ly. at postmortem. 
+ of infection: A source of bacteremia was 
ally ‘parent in 25 episodes (83%) compared 
(31%) of community-acquired infection (p 
Dr ble I). In 17 cases, the same organism 
“was ; isolated from both the blood and the suspected 
-source of infection. The most frequent portal of entry 
“was an intravenous catheter device, accounting for 11 
-episodes (37%). The causative organism in all intrave- 
nous catheter-related cases except 1 was Staphylococ- 
“ous. aureus, which was also. isolated from the catheter 
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g SR icrobiologically : 
No. of Pts. ` Confirmec 









Source 





intravascular device io 
Peripheral venous catheter 2 ice E 
Central venous catheter | 8 8 
Pacemaker ae m 
Cardiac catheterization 2 WS 
Genitourinary tract surgery. ` 6 3 
or instrumentation an 
Cardiac surgery 3 =o ZE: 
Gastrointestinal tract surgery or instru- 1 og o 
mentation Se 
Other (peritoneal dialysis tubing; sacral 2 | 2 
pressure area) 
Unknown source 5 — 
Total 30 17 


eegen? 


TABLE II Nosocomial Endocarditis: Microbiology 





No. of Pts..(%) 











Community- 
Nosocomial Acquired 
Organism Endocarditis Endocarditis 
Staphylococcus aureus 17 (57) 52 (35) 
Methicillin-sensitive 13 52 
Methicillin-resistant 4 0 
Enterococcus faecalis 3 (10) 8 (5) 
Fungi 3 (10) 3 (2) 
Streptococcus viridans 1 (3) 47 (32) 
Coagulase-negative staphylococci 1 (3) 8 (5) 
Escherichia coli 1 (3) 1 (1) 
Klebsiella species 1 (3) ne 
Corynebacterium species 1 (3) 5 (3) 
Culture-negative and other organisms” 2 (7) 24 (16) 
Total 30 (100) 


148 (100) 


*Pathogens in community-acquired endocarditis not indluded in table. 


tip or exit site in 10 patients. The 3 cases related to S 
cardiac valve replacement were caused by Aspergillus ` 
fumigatus, Enterococcus faecalis and methicillin-resis- 
tant Staphylococcus aureus. The mean interval be- 
tween the presumed precipitating event. and onset of 
symptoms was 10 days (range 3 to 42). 

Microbiology: A microbiologic diagnosis was ob- 
tained in 28 of 30 episodes (93%) (Table Di 17. were 
caused by staphylococci including 4 methicillin-resistant ` ` 
strains. All patients infected with the latter had been in ` 
the hospital for 210 days; intravenous. catheters were 
the source of bacteremia in 3 patients. No patient v 
an intravenous drug-user. Left-sided e ndocarditis 
present in 3 patients. In the 2 culture-negative ca 
antibiotics had been obtained during. the week be 
presentation. | 

In general, the causative organisms ‘reflected the 
probable source of bacteremia. Staphylococci predomi- E 
nated where a cutaneous or intravascular focus was aus, 
pected. The. sing e isolate. of Staphylococcus. epidermi- . 
dis was isolated after a cesarean section. Of the 2 ep 
sodes of endocarditis after cardia eterization, "` 















erative shaving at the site of entry of the catheter; the 
other was due to Corynebacterium species. Both pa- 
tients had underlying valvular disease. Enterococcal and 
gram-negative organisms caused endocarditis in pa- 
tients who had undergone genitourinary tract proce- 
dures. Of the infections caused by fungi, 2 (Candida 
albicans) occurred in patients receiving long-term intra- 
yenous antibiotics, and 1 (Aspergillus fumigatus) oc- 
curred as an episode of prosthetic valve endocarditis. 

_ Outcome: The mortality from nosocomial endocardi- 
tis was significantly higher than from community-ac- 
-quired infection (40 vs 18%; p = 0.02). Five of 16 pa- 
tients aged >60 years died compared with 7 of 14 pa- 
tients aged <60 years (p = 0.3). Four surviving patients 
had permanent sequelae with cardiac dysfunction or 
neurologic deficits, or both. Eight patients underwent 
valve replacement surgery as a result of endocarditis, 
and 3 died. Pathogens associated with fatal cases in- 
cluded Staphylococcus aureus (9 cases, 3 of which were 
caused by methicillin-resistant strains), Candida albi- 
cans (n = 2) and Aspergillus fumigatus (n = 1). 


DISCUSSION 
Nosocomial endocarditis is an important entity. In 
this series, 17% of patients with infective endocarditis 
acquired their infection in the hospital, usually as a re- 
sult of an invasive procedure. This is similar to the 13 to 
29% found in other studies.>-°8 However, the proportion 
of cases with endocarditis that was hospital-acquired 
was lower. 
As reported by other investigators, patients with 
nosocomial endocarditis tended to be older than those 
with community-acquired infection* and their mortali- 
ty was relatively high (40 vs 18%). The risk of nosoco- 
mial endocarditis in patients with a prosthetic cardiac 
“valve was previously reported to be 1.4 to 3.0%."! In our 
study, the presence of a cardiac valve prosthesis was not 
an independent risk factor, in contrast to a previous re- 
port, 
Patients with nosocomial endocarditis were more 
likely than those with community-acquired infection to 
present with congestive cardiac failure and hypotension, 
as noted by other investigators® and consistent with the 
relatively short duration of symptoms before admission 
to the hospital. Both features may reflect the severity of 
underlying illnesses in these patients. 
-Intravenous therapy and urinary tract instrumenta- 
tion were the most frequent predisposing events for hos- 
- pital-acquired endocarditis, as has been described in 
-other studies.°° In our study, central and not peripheral 
_ intravenous catheters were the more frequent source of 
~ bacteremia; in most cases, recommendations for their 
` proper use had not been followed. Cardiac catheter- 
-ization is infrequently associated with bacteremia, al- 
- though a small but definite risk of endocarditis has been 
associated with the procedure.!? In 1 of 2 patients, it 
was related to a difficult procedure, needing several at- 
tempts at catheterization; in the other, endocarditis was 
associated with the development of an area of folliculitis 
-after preoperative shaving of the groin 12 hours before 
_ catheterization. The risk can be reduced by shaving (i 
at all) immediately before the 
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tion follows the recommendations of the American 
Heart Association for the prevention of bacterial endo- ` 
carditis.'4 It would be premature to suggest a change in 
policy in relation to cardiac catheterization. However, 
careful skin preparation is important, and antimicrobial 
prophylaxis should be considered in selected patients 
with underlying valvular heart disease. 

Compared with other studies, we found important 
differences in the causative pathogens. Coagulase-nega- 
tive staphylococci caused only 1 episode of endocarditis, 
but accounted for most cases in a study from the United 
States P This may be due to differences in skin prepara- 
tion or antimicrobial prophylaxis, or both, and possibly 
the lower incidence of nosocomial prosthetic valve endo- 
carditis in our study. Staphylococcus aureus was the 
most frequent causative organism, with 24% of isolates 
resistant to methicillin. The incidence of endocarditis 
complicating bacteremia caused by the latter is uncer- 
tain: in intravenous drug-users, it has been estimated to 
occur in approximately 46% of bacteremias.'> No epi- 
sode in previous series of nosocomial endocarditis>° 
were caused by methicillin-resistant Staphylococcus 
aureus; however, it would seem prudent to treat cases of 
nosocomial bacteremia due to this pathogen as potential 
cases of endocarditis. There were differences in the mi- 
crobiology of nosocomial and community-acquired in- 
fection. Streptococcal endocarditis occurred only in 1 
patient with nosocomial infection, whereas these or- 
ganisms were responsible for 47 community-acquired 
cases (32%). Staphylococci were well-represented in 
both groups of patients; however, no community-ac- 
quired case was caused by methicillin-resistant strains. 
The frequency of enterococcal and fungal endocarditis 
correlates with the increasing importance of these noso- 
comial pathogens. Fungal endocarditis is usually a re- 
sult of direct implantation of the organisms at the time 
of valve replacement or a complication of long-term in- 
travenous fluid therapy. ee 

The high rate of Staphylococcus aureus and fungal ` 
infections, and the cases of prosthetic valve endocarditis ` 
contributed to the poor outcome in this series of patients — 
with nosocomial endocarditis. Furthermore, diagnosis 
was often difficult because of co-existing infection at = — 
other sites. However, nearly all cases related tointravas- ` ` 
cular catheters and half of the episodes after genitouri- 
nary tract instrumentation may have been prevented, ` 
Careful attention to infection control procedures and ` 
adherence to recommendations for antibiotic prophylax- ` 
is'4 cannot be overemphasized, especially in patients ` 
with underlying valvular heart disease or in whom inva- ` 
sive procedures are performed. Ze 
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Clinical data from 186 patients (133 males and 
53 females) with 190 episodes of infective endo- 
carditis (IE) occurring between January 1981 and 
July 1991 were studied retrospectively at a large 
referral hospital in Northern India with the inten- 
tion of highlighting certain essential differences 
from those reported in the West. The mean age 
was much lower (25 + SD 12 years, range 2 to 75 
years). Rheumatic heart disease was the most fre- 
quent underlying heart lesion accounting for 79 
patients (42%). This was followed by congenital 
heart disease in 62 (33%) and normal valve endo- 
carditis in 17 (990). Twenty-four patients had ei- 
ther aortic regurgitation (n = 15) or mitral regurgi- 
tation (n = 9) of uncertain etiology. Prosthetic 
valve infection and mitral valve prolapse were 
present in only 2 patients each. A definite predis- 
posing factor could be identified in only 28 pa- 
tients (15°%). Postabortal sepsis and sepsis related 
to childbirth accounted for 6 and 5 cases, respec- 
tively. Only 1 patient had history of intravenous 
drug abuse. Two-dimensional echocardiography 
showed vegetations in 121 patients (64%). Blood 
cultures were positive in only 87 (47%), with a to- 
tal of 90 microbial isolates. Commonest infecting 
organisms were staphylococci (37 cases) and 
streptococci (34 cases). Except for a significantly 
higher number of patients with neurologic compli- 
cations in the culture-negative group, there were 
no differences between patients with culture-posi- 
tive and culture-negative IE. Of the 190 episodes 
of IE, the patients had received antibiotics before 
admission in 110 (58%) instances. A significantly 
greater number of culture-negative patients had 
received antibiotics than did culture-positive pa- 
tients (87 vs 23, p <0.001). Overall in-hospital 
‘mortality was 25%. There was a significantly 
higher number of neurologic complications in pa- 
tients who died than in those who recovered (8 
vs 14%, p <0.01). It is concluded that the spec- 
trum of patients with IE that is seen is quite differ- 
ent from that seen in the West. Control of rheu- 
matic fever on a national level, maintaining aseptic 
— during procedures related to childbirth 


Fr rom. the Department of Cardiology, Postgraduate Institute of Medical 


Education and Research, Chandigarh 160 012 India. Manuscript re- 
ceived April 6, 1992; revised manuscript received and. accepted July 10, 
1992. 
Address for reprints: Anil Grover MD, DM, Department of Cardi- 
_ ology, Postgraduate Institute of Medical Education at Research, 
oe 160 012, India. 





pulmonary emboli in the presence of heart disease; ` 


TE such as fundal hemorrhages, mycotic aneurysms, 


Osler’s nodes. 
RESULTS SE 
_A total of 197 p | S atients were entered into the medical 
pest IE between re 1981 


records "ee" ha 


including prophylactic antibiotics, and wider avail- 
ability of sophisticated surgical techniques would 
go a long way in improving the outlook in these 
patients. 

(Am J Cardiol 1992;70:1453-1458) 


ecent reports from the West have focused on the 

change in the spectrum of infective endocarditis 

(IE) during the last 2 decades 1-7 These changes 
are attributable to 2 major factors: (1) widespread 
availability of better diagnostic facilities, antibiotics and 
aggressive surgical approach": and (2) changes in the 
substrate population as a result of earlier corrective sur- — 
gery for congenital heart diseases and declining inci = 
dence of rheumatic heart disease in developed coun- 
tries.468-10 Although echocardiography and antibiotics 
are freely available in this country, facilities for surgical 
correction of congenital heart disease and aggressive 
therapy for IE are quite limited. Moreover, rheumatic 
heart disease continues to be a major public health 
problem.'!:!* Therefore, IE in India merits another look 
to see if there have been any changes in the profile of 
the disease and survival. Published reports are rather 
scant on this aspect as there has not been any large 
series reported from a Third World country. In this re- 
port, we describe our experience with IE during the last 
10 years with the intention of highlighting certain essen- 
tial differences from those reported from the West. 


METHODS 

Data were collected on a retrospective basis from the 
clinical records of all patients who were admitted to the 
Nehru hospital of the Institute with the diagnosis of IE. 
Only patients who met the following criteria for diagno- 
sis were included in the study: (1) demonstration of a 
vegetation on 2-dimensional echocardiography accord- 


ing to previously established criteria!* (Figures 1 to 4); — 
or (2) 22 positive blood cultures growing the same or- = 
ganism(s) with the presence of 22 of the following — 














fever lasting for >3 days; evidence of systemic or septic. 


changing murmur or appearance of a new murmur dur- - 
ing hospitalization; recent worsening of heart failure; 
and presence of certain features strongly associated with 









and July 1991 of which 186 patients met our criteria for 
inclusion in the study. In all, there were 190 episodes of 
IE. 

Clinical features: There were 133 male and 53 fe- 
male patients. The mean age was 25 + 12 years (range 
2 to 75). There were 32 patients aged <12 years. The 
mean duration of fever was 69 + 65 days (range 3 to 
364). The salient clinical features are depicted in Table 
I. A palpable spleen and clubbing were the most fre- 
quent peripheral signs, whereas features such as Osler’s 
nodes, Roth spots and petechiae were seen less often. 

Underlying heart disease (Table Il): Rheumatic 
heart disease was the most frequent underlying heart 
lesion. In patients with underlying rheumatic heart dis- 








FIGURE 1. Cross-sectional echocardiogr in long-axis par- 
asternal view showing a vegetation on the aortic valve and an- 
terior mitral leaflet. LA = left atrium; LV = left ventricle. 


FIGURE 2. Cross-sectional echocardiograph in apical 4-cham- 
ber view in a patient with a ventricular septal defect (arrow) 
showing a large vegetation on the tricuspic valve. LA = left 
atrium; LV = left ventricle; RA = right atrium; RV = right ven- 
tricle; veg = vegetation. 











ease and IE, no case of isolated mitral stenosis was 
found. Congenital heart disease was present in 62 cases 
(33%) of which bicuspid aortic valve alone constituted 
25 cases (13%). Prosthetic valve infections (1 early post- 
operative and the other late) involving the mitral valve 
were seen in 2 patients. Twenty-four patients (13%) had 
either aortic regurgitation (n = 15) or mitral regurgita- 
tion (n = 9) of uncertain etiology. 

Predisposing factors (Table ill): A definite predis- 
posing factor could be identified in only 28 patients 
(15%). Of these, postabortal sepsis and sepsis occurring 
at the time of childbirth accounted for a large number 
of cases (6 and 5, respectively). A history of recent den- 
tal surgery or manipulation was available in only 4 pa- 
tients. None of the patients had clinical or laboratory 
evidence of an altered immune state. 

Complications: The complications most often seen 
were related to the cardiovascular system followed by 
the central nervous system (Table I). Congestive cardi- 
ac failure was the specific complication most often seen, 
occurring in 79 patients (42%) and was associated with 
fatal outcome in 23 (12%). Stroke was the neurologic 
complication occurring most often, and was responsible 
for death in 16 (8%). Renal functions were abnormal in 
52 patients (27%); however, a definite renal involvement 
could be documented on urinalysis or renal biopsy, or 





FIGURE 3. Cross-sectional echocardiograph in short-axis 
view showing a vegetation (arrow) on the pulmonary valve. 
This patient had a ventricular septal defect and a second vege- 
tation on the tricuspid valve. Ao = aorta; RV = right ventricle. 





FIGURE 4. Cross-sectional echocardiograph in SES 
view showing a vegetation (arrow) in the pulmonary artery. 
This patient had a patent ductus arteriosus. Ao = aorta. 
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TABLE I Clinical and Laboratory Characteristics of 186 
| Patients with 190 Episodes of Infective Endocarditis 


Age (years) 
Mean 25+ 12 
Range 2-75 
Sex ratio (M:F): 2.5:1 
Duration of fever (days) 
Mean 69 + 65 
Range 3—364 


Peripheral signs 


Splenomegaly 114 (60%) 
Clubbing 84 (44%) 
Fundal hemorrhage 11 (6%) 
Petechiae 5 (3%) 
Osler’s nodes 3 (2%) 
Complications 
Cardiovascular 83 (44%) 
Congestive cardiac failure 79 (42%) 
Pericarditis 4 (2%) 
Neurologic 40 (21%) 
Stroke 31 (16%) 
Subarachnoid bleed 4 (2%) 
Meningitis 3 (2%) 
Cranial nerve palsy 2 (1%) 
Renal 52 (27%) 
Pre-renal azotemia 42 (22%) 
Proliferative glomerulonephritis 5 (3%) 
Rapidly progressive glomerulonephritis 2 (1%) 
Renal artery embolism 2 (1%) 
Drug-induced 1 (0.5%) 
Peripheral embolization 16 (8%) 
Extremities 11 (6%) 
Kidney 2 (1%) 
Retinal artery 2 (1%) 
Splenic artery 1 (0.5%) 
Septic pulmonary infarcts 15 (8%) 
Pulmonary thromboembolism 6 (3%) 
Disseminated intravascular coagulation 5 (3%) 
Mycotic aneurysm 2 (1%) 
Coronary abscess 1 (0.5%) 
Laboratory parameters 
Hemoglobin (g/dl) 9.3.+ 2.3 
Range 3.2-15 
Serum urea (mg/dl) 44 + 33 
Range 18-196 
Serum creatinine (mg/dl) V662 
Range 0.8-25.0 
Urine analysis (no. of pts.) 
Albumin 38 
Red blood cells 31 
Pus cells 27 
Casts 8 
Mortality 47 (25.27%) 


TABLE II Underlying Heart Disease in 186 Patients with 


Active Infective Endocarditis 


Rheumatic heart disease 
Congenital heart disease 
Biscuspid aortic valve 
Ventricular septal defect 
Patent ductus arteriosus 
Tetralogy of Fallot 
Ruptured sinus of Valsalva 
Double-outlet right ventricle 
Aortic stenosis 
Pulmonic stenosis 
Atrial septal defect 
Coronary arteriovenous fistula 
Normal valves 
Uncertain etiology 
Aortic regurgitation 
Mitral regurgitation 


79 (42%) 
62 (33%) 


17 (9%) 
24 (13%) 
15 

9 


both, in only 10 patients (5%). The remaining complica- 
tions were presumably due to hypovolemia and hypoten- 
sion. Septic pulmonary emboli was a common feature in 
patients with right-sided endocarditis and presenting 
with pneumonia. Peripheral embolization was seen in 16 
patients (8%) and predominantly affected the arms and 
legs. Other sites of emboli were the kidney, retinal ar- 
tery and splenic artery. Pulmonary thromboembolism 
occurred in 6 patients, disseminated intravascular coag- 
ulation in 5, mycotic aneurysm in 2 and coronary ab- 
scess in 1. 

Distribution of vegetations (Table IV): Two-dimen- 
sional echocardiographic examination was available in 
all except 2 patients in whom the diagnosis was ob- 
tained by clinical examination alone. Two-dimensional 


Prosthetic valves 2 (1%) 
Mitral valve prolapse 2 (1%) 


TABLE Ill Predisposing Factors in 190 Episodes of Infective 
Endocarditis 


Postabortal sepsis 
Childbirth 

Dental extraction 
Urinary tract infection 
Valvular heart surgery 
Otitis media 
Pneumonia 
Intravenous drug abuse 
Cirrhosis of liver 
Epididymiditis 
Pyoderma 

Pulmonary balloon valvuloplasty 
in-hospital relapse 


6 
5 
4 
3 
2 
1l 
1 
l 
l 
l 
l 
1 
1 


TABLE IV Sites of Vegetation in 190 Episodes of Active 
Infective Endocarditis 


Mitral valve 

Aortic valve 

Tricuspid valve 

Pulmonic valve 

Right ventricular outflow tract 
Mouth of ruptured sinus of Valsalva 
Ventricular septal defect 
Pulmonary artery 

Left ventricular mural endocardium 





echocardiography showed vegetations in 121 patients 
(64%). Twenty-three patients had vegetations at >] 
site. 

infecting organisms (Table V): On an average, in a 
patient suspected to have IE, 4 to 6 blood samples of 10 
ml volume each were collected from different sites over 
a period of 24 hours. The standard methods for aerobic, 
anerobic and fungal cultures were used. Blood cultures 
were positive in 87 patients (47%), with a total of 90 
microbial isolates. Three patients had polymicrobial in- 
fection. Staphylococcal species constituted the largest 
number of isolates (37 cases) followed by streptococcal 
species (34 cases). A comparison of patients who were 
culture-positive with those who were culture-negative 
did not reveal any significant differences in age, sex ra- 
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8 Taney v Microbial Gees Is Isolated i in 190 Episodes 0 of 
Active infective Endocarditis 


Staphylococcus | 


Staphylococcus aureus 32 
Staphylococcus epidermidis 5 
Streptococcus 34 
Streptococcus viridans 15 
Streptococcus mitior 11 


Streptococcus fecalis 
Streptococcus mutans 
Group A streptococcus 
Gram negative. 
Klebsiella pneumoniae 
Escherichia coli 
Salmonella typhi 
Acinetobacter 


— 


No. of pts. 


47 





TABLE Vil Cea of Patients \ with Infective e Endocarditis S l : 
Who Died with Those Who Recovered” ; 


139 


Recovered, pValue 

















































Candida species 












No.of pts. 








Proteus mirabilis 
Enterobacter aerogenes 
Citrobacter freundi 
Neisseria gonorrhoea 


TABLE Vi Comparison of Culture-Positive and 
Culture-Negative (190 episodes of active infective endocarditis) 





Culture 
Positive 





87 (46%) 





Culture 
Negative 


103 (54%) 
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p Value 
































Age (years) 26+ 12 24411 
Male/female 2.5:1 2.6:1 
Duration of fever (days) 69 + 59 68 + 68 NS 
Prior antibiotic therapy 23 (26%) 87 (84%) <0.001* 
Predisposing factors 16 (18%) 12 (12%) NS* 
Complications 
Cardiovascular 35 (40%) 48 (47%) NS* 
Neurologic 10 (11%) 30 (29%) <0.01* 
Renal 7 (8%) 9 (9%) NS* 
Emboli 7 (8%) 10 (10%) NS* 
Site of vegetations 
Mitral valve 21 33 
Aortic valve 16 32 
Tricuspid vaive 14 8 
Pulmonic valve l 5 
Others A A 
Mortality 22 (26%) 25 (24%) NS* 





| *Chi-square test. 
NS = not significant. 


tio, duration of fever, predisposing factors, and cardio- 
vascular, renal and embolic complications. There was a 


E significantly higher number of patients with neurologic 


complications in the culture-negative group (Table VI). 


A One hundred ten of 190 patients (58%) had received 


` prior antibiotic treatment before admission. Of 103 cul- 
< ture-negative patients, 87 (84%) had received antibiotic 
therapy before coming to the hospital compared with 
-23 of 87. (26%) culture-positive patients (p <0.001). 
Among the cu. alture-positive patients, 10 of 34 (29%) 
_ with streptococci, 7 of 37 (19%) with staphylococcus, 4 
of 17 (24%) al nd ‘both patients with candida infections 
bad received. prior antibiotic therapy. 
Clinical course: All patients were treated with ap- 
propriate antibiotics except one who refused treatment 

















and was discharged on request. Crystalline penicillin 


© (n= 156) and gentamicin (n= 147) and cloxacillin 
(ps 80) were the antibiotics most frequently used. Rif- 
a was ëm to 5 patients with resistant staphylo- 
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Age (years) 252414 24x11. NS 
Male/female 3.7:1 Z.2:1 i 
Duration of fever (days) B70 72 + 68 NS ` 
Underlying heart disease vei 
Rheumatic 20(43%) 56 (40%) ` 
Congenital 11 (23%) 53 (38%) 
Normal 16 (34%) 27 (19%) 
Mitral valve prolapse =~ E 
Calcific aortic stenosis =-— 1 
Complications 
Cardiovascular 23 (49%) 57 (41%) NSA 
Neurologic 18 (38%) 20(14%) <0.001§ 
Peripheral embolism 5 (11%) 12 (9%) NS§ 
Septic pulmonary emboli 2 (4%) 13 (9%) NS§ 
Renal 3 (6%) 7 (5%) NSA 
Organismst 
Staphylococcus 9 (19%) 27.{19%) NS§ 
Streptococcus 6 (13%) 27 19%) NSA 
Gram negative 5 (11%) 11 (8%) NSA 
Fungi 2 (4%) 0 
Hemoglobin (g/di) 9.3 +. 2.2 93 +2 NS 
Serum urea (mg/dl) 55 + 44 38 + 26 DO) 






Serum creatinine (mg/d) 1.98 + 3,47 1.45 + 1.20 NS 









Echocardiography {positivel} 27 (57%) 90 (65%) NS§ 
Mitral valve 14 39 
Aortic valve 14 32 
Tricuspid valve 3 18 
Pulmonic valve 0 6 
Others H 6 







Keck 4 patients who were discharged on request, 
Two of 4 patients who were discharged on request developed Staphylococcus 
aurees (1) SÉ Streptococcus viridans (1). 

+The 4 patients who were discharged on request had gormoni on the aortic vaive 
(2), mitral vaive (1), tricuspid valve (1) and mural endocardium (1). 
§Chi- “Square test. 
NS = not significant, 








coccal infections. Other antimicrobials used were strep- 
tomycin (n = 29), ampicillin (n = 11), cephalosporins 
(n= 7), metronidazole (n = 3), amphotericin (n = 2) 
and carbenicillin (n = 1). Only 2 patients underwent 
surgical intervention: 1 had severe aortic regurgitation 
and died despite aortic valve replacement, and the other — 
had ruptured sinus of Valsalva aneurysm which was re- 
paired successfully. Overall, 135 patients completed the 
treatment and were discharged alive and 47 (25%) died 
in the hospital. Four patients were discharged on re- 
quest before completion of therapy and their fate re- 
mains unknown. There was a significantly higher num- _ 
ber of neurologic complications in patients who had — 
died compared with those who recovered (38 and 14%, _ 
respectively, p <0.01). The serum urea and creatinine _ 
were also higher in patients who died, although the dif- ` 
ference in serum creatinine did not reach statistical sig- 
nificance (Table VID). Congestive cardiac failure was a S 
contributory factor in most deaths (n = 23), followed by 

stroke (n = 16), pulmonary thromboembolism (n = 5), 
renal failure (n = 3), subarachnoid hemorrhage (n = 2) 
and disseminated intravascular coagulation (n = 2). 
Autopsy studies were performed in 28 of 47 patients; — 
these revealed additional sites of vegetations in 8 pa- ` 
tients, which were missed on echocardiographic exami- 
nation. Autopsy findings, however, revealed IE in all 28 
patients, thus SSES the dagno í made clinically fi 








DISCUSSION 

Recent reports from the West suggest a change in 
the spectrum of IE. Increasing mean age of the pa- 
tients,**+° changing sex ratio,'* change in the microbial 
isolates*+© and decreasing mortality have all been high- 
lighted. Our series brings out some important differ- 
ences from the western experience. The population af- 
fected remains young; the mean age was 24.92 years 
with 90% aged <40 years. Only 1 patient was aged >65 
years. In a recent large series on 544 cases of IE report- 
ed from the United Kingdom, the mean age was 51.6 
years with 29% aged >65 years.’ Similar age prevalence 
has been reported elsewhere? and has been attributed 
to greater longevity of the population and the decreas- 
ing incidence of rheumatic heart disease.4 The life ex- 
pectancy in India has been reported as 52.60 years,!4 
which is low by western standards. Similarly, although 
-the incidence of rheumatic fever has declined sharply in 
economically developed countries,?-!° among the major- 
ity of the worlds’ population, it remains the most com- 
mon cardiovascular cause of death in the first 4 decades 
of life.!':!4 In India, 33 to 50% of cardiac cases requir- 
ing admission in the hospitals are patients with rheu- 
matic heart disease,'> and it accounts for 21% of cardiac 
cases in unselected autopsy materials 16 The large num- 
ber of patients (42%) with underlying rheumatic heart 
disease in the present series reflects on the continuing 
presence of this disease in this country and also explains 
in part the lower mean age. 

Most of our patients were male, with a male to fe- 
male ratio of 2.5:1, which is similar to the experience 
from the West where ratios.as high as 3.4:1 have been 
Teported.' It has been suggested that the lower inci- 
dence in female patients is partly due to a decrease in 
the incidence of rheumatic heart disease,* which has 
been thought to occur more often in female patients. 
Experience from India does not support this concept. 
First, the prevalence of rheumatic heart disease has 
been found to be equal or even greater in male pa- 
tients.'©-'8 Second, we have found a similar high preva- 
lence in male patients in this and in a previous study.!? 
In both of these, rheumatic heart disease was the most 
frequent underlying disease. 

Mitral valve prolapse has emerged as an important 
underlying heart lesion occurring in 29% of patients.* 
We have seen only 2 cases of definite mitral valve pro- 
lapse in our series; however, it is possible that some of 
“the patients with mitral regurgitation of uncertain etiol- 
ogy may have had mitral valve prolapse, which could 
not be recognized because of the anatomic damage to 
the valve. We have no way of confirming this as our 
study was retrospective. | 

Another interesting aspect is the presence of puer- 
peral sepsis in 11 patients (6%) of whom 7 had vegeta- 
tions on a previously normal tricuspid valve. Although 
this association has been recognized in earlier re- 
ports,?-22 it is considerably rare, occurring in only 2 of 
544 episodes of IE in a recent study.* However, in a 
developing country such as India where lack of asepsis 
during home delivery and abortion by unqualified per- 
sons are fairly common, infections of the tricuspid valve 
_have been noted frequently and has been highlighted 





recently by us.”3.24 Cardiac prosthesis and intravenous 


heart disease. We have been unable to find any plausi- 


ported from the West during the last 30 years.3°-32 













drug abuse, which currently account for the majority of 
identifiable sources of infection in the West,' are ex- ` 
tremely uncommon in our setting. Only 1 patient had ` 
history of intravenous drug abuse. He had a vegetation 
on both mitral and aortic valves and grew Streptococcus — 
viridans on blood culture. The contribution of illicit par- 
enteral drugs as a source of infection in this case may be 
debated because of the observations made by some that 
intravenous drug abusers often have infections of the ` 
right-sided valves and grow Staphylococcus aureus. 25 
However in a recent large series” of IE in opiate ad- 
dicts, the mitral and aortic valves were involved in 43 
and 40%, respectively. Streptococcal species were re- 
sponsible for infection in as many as 26% of cases.*® 
Prosthetic valve endocarditis was seen in only 2 patients, 
both of whom died. Prosthetic valve endocarditis consti- 
tutes approximately 12% of all cases in most series re- 


ported during the last 10 years.4° The small number of 


patients in our series reflects a referral bias since the 
number of valve replacement operations performed at 
our institute is relatively small. 

A source of concern is the low rate of culture positiv- 
ity (46%) which is consistent with an earlier report from 
this institute.” It poses a dilemma for the treating 
physician, especially when echocardiography fails to 
demonstrate a vegetation. The factors responsible for 
such a low yield are unclear. Prior antibiotic therapy 
was administered more often in the culture-negative 
group and may be an important factor. Staphylococcus 
aureus was the organism most often isolated, account- 
ing for 36% of isolates followed by Streptococcus viri- 
dans (30%). This has to be viewed in the light of the 
fact that only 46% of the patients were culture-positive 
and 58% had received prior antibiotic therapy. Staphy- 
lococcal infections are generally more fulminant and 
have a shorter duration of symptoms,’ whereas strepto- 
coccal infections tend to be slow in developing and thus 
these patients are more likely to have had received anti- a 
biotics before presentation thereby affecting culture ` 
positivity. SE 

Our overall echocardiographic detection rate of veg- 
etation was 63% which is in agreement with recent re- 
ports.67:28 The distribution of vegetations is similar to 
those reported elsewhere.'38 Although the tricuspid 
valve is involved in about 30% of patients with rheumat- 
ic heart disease!®!” and 44% of the patients in this study 
had underlying rheumatic heart disease, none of these 
patients with tricuspid valve endocarditis had rheumatic 


















ble explanation for this. Cases of vegetations on the 
mural endocardium demonstrated on echocardiography 
have been described earlier,!3 although such reports are 
few. This probably reflects the lack of sensitivity of 2- _ 
dimensional transthoracic echocardiography since mu- — 
ral vegetations are not uncommon at autopsy,!?? ac- ` 
counting for 15% of lesions in 1 series.'° 7 

Medical therapy was the primary method of treat- 
ment in all except 2 patients who underwent surgery; 
our overall mortality of 25% is comparable to that re- 


However, more recent Series": 178 suggest that mortality 
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Neur logic Gefoer ons such as Ger ee were the other 
significant factors contributing to the overall mortality 
as was evidenced. by a significantly higher number of 

such complications i in patients who died than in those 
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Assessment of cardiac dimensions of the cham- 
bers, great arteries and veins in the human fetus 
-is important to distinguish abnormal dimensions 
from normal. This study establishes normal values 
based on cross-sectional echocardiographic mea- 
surements over the gestational period where these 
measurements may be clinically useful. Ventricu- 
lar and atrial dimensions were measured from the 
4-chamber view, the short-axis dimension immedi- 
ately below the mitral and tricuspid valve leaflets 
in diastole, and the long axis from the closed ap- 
posed atrioventricular valves to their respective 
apices. The ventricular walis and septum were 
measured at the level at which cavity dimensions 
in diastole were measured, defining both the left 
and right ventricular wall thickness, as well as 
that of the ventricular septum. Furthermore, the 
long axis of the right and left atria was measured 
from the center of the apposed atrioventricular 
vaive leaflets to the posterior atrial wall, and the 
sizes of the atrial chambers were defined using 
their widths at the prospective broadest points 
through the area of foramen ovale. From a variety 
of views, diameters were measured at maximal ex- 
pansion of the main, left and right pulmonary 
arteries, the ductus arteriosus, and the superior 
and inferior venae cavae. The data were evaluated 
longitudinally from 18 weeks to term, and regres- 
sion analysis was performed using the best fit of a 
linear or polynomial equation. The data provide a 
means for evaluating the normal sizes and dimen- 
sions of the fetal heart chambers, as well as the 
thickness of the ventricular walls and septum. 
(Am J Cardiol 1992;70:1459-1467) 
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California) ultrasound system. The systems were Inter. _ 


el because image quality was not considered sati 


mensions provides an important quantitative ref- 

erence point for fetal cardiac assessment. Be- 
cause of the growth of the fetal heart, one must obtain 
assessments based on gestationally matched normal val- 
ues. Such data generally have been gathered from M- 
mode echocardiography! using cross-sectional echocar- 
diographic systems, with the cursor placed through the 
frozen 2-dimensional image.?-> Cross-sectional ultra- 
sound scanning does not need the precise perpendicular 
alignment of the M-mode cursor through the cross- 
sectional M-mode image and enables imaging to be 
performed under all circumstances. This technique 
provides a greater opportunity to obtain measurements 
directly from cross-sectional echocardiograms.!°’ Fur- 
thermore, extracardiac structures such as the ductus- 
arteriosus, the aorta, the pulmonary artery and its 
branches, and the great veins can also be more readily 
defined by means of 2-dimensional echocardiography. 
Therefore, we determined these measurements from 
cross-sectional echocardiography in a cohort of 100 fe- 
tuses both to determine the range of measurements one 
may expect at gestational ages of 18 to 40 weeks and to 
establish values for comparison with measurements in 
all normal fetuses. Furthermore, because cross-sectional 
ultrasound provides an opportunity to measure struc- 
tures outside the range of conventional M-mode echo- 
cardiography, we also measured the pulmonary artery 
branches, the superior and inferior venae cavae, and the 
ductus arteriosus. 


H determination of fetal cardiac di- 


METHODS 

This study was performed in a cohort of volunteer 
health care professionals at our institution, whose men- 
strual history, gestational age estimation and delivery at 
term confirmed that the measurements had been ob- 
tained at the stated time in the gestational period. 
Many of these subjects submitted themselves for serial 
examinations later in pregnancy; thus, the measure- 
ments reflect a combination of longitudinal and cross- 
sectional data. 

The studies were performed with either an Ad- ` 
vanced Technologies Laboratory Ultra Mark-8 (Both- ` 
ell, Washington) or Acuson 128 XP (Mountain View, | 














faced with either 5 or 7.5 MHz transducers. The studies 
were recorded on VHS or Super-VHS for later play- 
back and analysis. ` 

Of 106. sequential studies from this cohort, 6 ‘were 
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S ‘examinations w was then selected for eege Beie 





this was a volunteer population, the studies were usually 


- brief, lasting <15 minutes. During the examination, the 


mother reclined supinely, with some rotation either to 


the right or left side to facilitate the evaluation. The 
_ study was performed in the usual manner, 8° with care- 
- ful attention given to gain settings adjusted to produce 
- the best possible image; magnification of the image was 


always attempted to minimize the error obtained from 
the caliper system. Complete studies of the heart were 
attempted, including the frequently used cross-sectional 
views equivalent to those obtained after birth, corre- 
sponding to long- and short-axis, 4-chamber and long- 
axis apical views, and the subcostal and arch equivalent 


views. No particular attention was given to producing 


every view from which the particular measurements 
could be obtained. Measurements were judged adequate 
based on the quality of the images and if they excluded 
congenital heart disease. 
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FIGURE 1. Graphic representation of views obtained and di- 
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Analysis of the studies was Vë using >the GTI 
Prism Imaging System, model 16 (Freeland, Louisville, 
Colorado). This system can digitally acquire sequential 
frames of video information in high resolution, enabling ` 
acquisition of 32 consecutive frames of information. — 
Stop-action and cycling from this digital memory en- 
abled maximal and minimal size to be selected during 2 
the cardiac cycle, and the cycle could be stopped at any — 
point for detailed analysis. 

The sites at which sizes of the ventricles, atria and | 
vessels were measured are shown in Figure 1. All mea- 
surements were obtained using the standard 2-dimen- 
sional technique (i.e., endocardial-to-endocardial mea- 
surement for cavities, and endocardial-to-epicardial sur- 
face for ventricular wall thickness). The ventricular 
walls and cavity measurements were obtained at a time 
corresponding to end-diastole when the chamber size 
was at maximum or the wall dimensions were at mini- 
mum. For the vessels, atria or veins, measurements were 
obtained at the maximum sizes corresponding to the 
maximum dimensions at end-systole. The following di- 
mensions were defined: (1) The aortic annulus was 
measured at the valve level, the ascending aorta. 
was measured immediately above the sinuses of Valsal- 
va, and the aortic isthmus was measured immediately 
above the entrance of the ductus arteriosus. With slight 
angulation, the ductus was imaged and measured at its 
middle. (2) The superior and inferior venae cavae were 
measured at their entry into the right atrium. (3) The 
aortic and pulmonary annuli were measured in the ` 
equivalent of the parasternal short-axis view at the valve 
annuli. (4) In addition, the left and right pulmonary 
arteries were measured at their origin from the main 
pulmonary trunk. (5) From the 4-chamber view, the 
short axes of the left and right ventricles were measured 
immediately below their respective coapted valve leaf- 
lets; the thickness of the ventricular walls and septum 
was also measured at this point. In addition, the long | 
axes of the ventricles were measured from the apex of ` 
the chamber to the point of the coapted valve leaflets. ` 
Furthermore, at the end of ventricular systole, the atrial 
dimensions were measured from the coapted atrioven- 
tricular valve leaflets to the respective posterior atrial 
walls, and the orthogonal dimensions through the re- 
spective atrial lateral wall to the line between the 2 por- 
tions of the foramen ovale. (6) The long-axis view, 
orthogonal to the 4-chamber view, was also used to ` 
measure the left ventricular long-axis and minor-axis di- — 
mensions, and the orthogonal dimension of the atrium. — 

The regression statistic used to define the best fit ` 
was either linear or quadratic, the latter being accepted ES 





when the correlation coefficient was significantly high- — 


er, as shown by an analysis of variance test. Further- _ 


more, we used 95% confidence limits to define the nor- 


mal limits for the data. For these numbers of measure- _ 
ments, the differences between confidence and tolerance 
limits are negligible. 


Ten sets of measurements were obtained again by 1 < 


investigator (JT) and a second observer (NHS) to de- ~ 
fine inter- and intraobserver variability. Variability ` 
was calculated SC the formula (O: — Or) X 100/(O; ` 












2 4-chamber view 
Left ventricular width 100 y = —0.9478 + 0. 1090x — 0.001153x2 0.200 0.807 
Left ventricular length 100 y = ~2.318 + 0.2356x — 0.002674x2 0.308 0.866 
Left atrial width 100 y= ~1.246 + 0.1305x — 0.001 563x? 0.181 0.830 
SECH Left atrial length ` 100 y = ~0.6508 + 0.0873x ~ 0.00067 4x? 0.196 0.838 
mes: 4-chamber view ` 
Right ventricular width 100 = —0.9869 + 0.1075y — 0.001036x 0.179 0.860 
Right ventricular length - 100. = —1,5082 + 0.1634x ~ 0,001514x2 0.316 0.836 
Right atrial width ) 100° y= =l, 4025 + 0.1410x — 0.001671x2 . 0.203 0.826 
Right atrial length 100 = —0,4873 + 0. 06797x - — 0. .000202x? 0.199 0.862 
A 4-chamber view 2. i 
ez Right ventricular wall ` 100 = ~0.2315 + 0.02677x — 0.000316x2 0.034 0.857 
Ventricular septum ` " 700 = ~0.1415 + 0.0200x — 0.000185x¢ 6.040 0.829 
Left ventricular wall 100 = ~0.2135 + 0.02552x — 0.000295x4 0.033: ` 0.862 
Short-axis view 
Ductus arteriosus 38 ` y = 0.01539 + 0.01325x 0.052 0.787 
Sagittal view 
inferior vena cava 22 y = ~0.09012 + 0,.01883x 0.065 - 0.869 
Superior vena cava 22 y = 0.004078 + 0.01673x 0.082 0.815 
5 Sagittal view 
Long-axis view 
Aortic valve annulus 71 y= ~0.1278 + 0.02497x 0.089 0.855 
Ascending aorta 45 = —(),0523 + 0.0201x 0.081 0.837 
Descending aorta 69 y= ~0.0185 + 0,0173x 0.080 0.801 
Short-axis view 
Main pulmonary artery 84 = ~Q,1517 + 0.0279x 0.110 0.825 
Left pulmonary artery 23 = -00554 + 0.0136x 0.056 0.839 
Right pulmonary artery 17 es 0,0058 + 0.0117x 0.050 0.817 
6 Short-axis view 
Aortic width 75 y = —0.4149 + 0.05327x.~ D. 000495x¢ 0.117 0.812 
Aortic length 75 y = ~0.2770 + 0.03759x — Q. 000174x? 0.115 0.838 
Right atrial width 43 y = ~2.145 + 0.1976x ~ 0.00273x¢ 0.181 0.853 
Right atrial length 4l y= —}.2949 + 0.1406x — 0.001393x2 0.279 0.813 
7 Long-axis view 
Left ventricular width at y= ~0.1739 + 0.0465x 9.180 0.855 
Left ventricular length 29 y = ~0.4990 + 0.0868x 0.296 0.887 
Left atrial width 54 y = -0.3422 + 0.0498x 0.231 0.778 
Left atrial length 54 y = ~0.6408 + 0.0707x 0.290 0.810 


All coefficients significant at p OD, 


RESULTS 
Table I presents the variables EE the fre- 
quency with which measurements were successfully ob- 


tained, the regression equation of dimension versus ges- 


tational age, SEE, and correlation coefficient. Graphs of 
‘the data were divided into 6 figures for convenience 
(Figures 2 to 7). These graphs display the number of 
“measurements, the lines of regression, and the un- 
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correlation coefficients and SEE are listed in Table 
ft heart measurements Oe, left ventricular and 
length and width, as measured in the 4-chamber 
shown in Figure 2, the right heart measure- 


oars 








‘length, and right atrial width) are shown in Fig- 
and the measurements of the ventricular walls 
Er are shown in | the. left 5 anels of Figure 4. 









-anc superior v venae cavae are shown i in 1 the right panels 
` ure 4. The dimension of the aortic root from the 
Jong axis, 








in Figure 5, The dimensions of aortic and- right. atrial 
width and length Gie, vertical and horizontal n measure- 





-TABLE i Regression Analysis Summary (corresponding figure numbers are listed in first column) 


eighted 95% confidence limits. The regression equa- 


, right atrial and ventricular width, right ven- 


the ascending aorta and the aortic isthmus, 
main and branch pulmonary arteries are shown ` 





Equation r Value 


ments as shown in Figure 1 in the short-axis view) are 
shown in Figure 6. The dimensions of left ventricular 
and left atrial width and length are shown from long- 
axis views in Figure 7. | 
The best fit for a particular dimension measured in 
>] plane was accepted as the most reliable measure- ` ` 
ment of that dimension. All data showed a significant ` 
correlation with age (p <0.05). | 
 Intraobserver variability was 3%, and interobserver. 
variability was 7%, which are consistent with other sets 
of inter- and intraobserver variability from our labora- 


tory. 


DISCUSSION 

The data for left and right ventricular wall thick- ` 
ness, cavity dimensions and ventricular septum in this — 
study are similar to those described in previous publica- ; 
tions. 67 We used gestational age as the standard, rath- 
er than biparietal diameter of the skull or femur len; th, 
for several reasons. First, most standard obstetric pro- 
grams- convert measurement of biparietal skull dime 
sion or femur length to an estimated gestational age. 
Second, all patients who had these studies had accurate 
estimation of EES? ër obtained Së their obstetri 











se the number of | fetal x 





cerning thesi size éi other carding structures not previous- 
ly defined in standard publications of cardiac growth. 

-The advantage of measurement from cross-sectional 
~-echocarc iography is obvious, because the measurements 


ean be obtained with most modern equipment by means 
` of electronic calipers from images acquired in a digitiz- 
` ei loop, enabling. appropriate selection of the phase of 


the cardiac cycle in which measurements are to be ob- 
tained. The opportunity to obtain cardiac measurements 
from planes inaccessible to M-mode echocardiography 
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define further the ardec chamber dimensic ` e a. 
We believe that the use- of eia echocardiogra- 





SEN ere a oe ribet of Po nts of inspec- ` 
tion of dimension change, the use of a cineloop of SE 
images over several cycles on modern ultrasound equip- 
ment and the use of videotape. enables such measure- 
ments to be obtained. The disadvantages of such a tech- 
nique are more than compensated for by the frequen- 
cy and facility for obtaining direct measurement when 
the conventional view used for M-mode. measurements 
cannot be obtained. Furthermore, many sonographers 
working with obstetrical fetal problems have scanning 
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equipment ‘without M-mode capabilities. The only op- 
portunity for measurement of cardiac and vascular di- 
mensions from such equipment is from the 2-dimension- 
al frozen image. 

Using high-resolution ultrasound equipment, Cross- 
sectional echocardiographic measurements of the fetal 
heart are accurate. In fetal lambs, such measurements 
of chamber dimensions or wall thickness have been 


shown to correlate well with direct “measurements ob- 
tained at autopsy.'° Two-dimensional measurement of 
ind may provide 
an even better estimate of chamber hypoplasia, enlarge- 
‘ment and ventricular mass than that of single-diameter 





the chamber volume is also po ossible!! 





measurements. However, for screening of chamber size 
and cardiac dimension, the scattergrams ‘established 
may provide an excellent comparison of chamber size. 


Comparison with studies that include confidence - 


limits, such as the data of Allan et al,? indicates close 
apreement with M-mode-derived measurements of 


pa 
cm 


4-Ch: RV Width 


to the number of observ 
nique of measurement. Measurements using axial reso- ` 
-lution are superior to those. using lateral resolution. 



























were corrected for biparietal diame ter for femur length i 
or without published confidence intervals.* EN 

With regard to comparisons. within this study, sever- 
al dimensions such as aortic cross-sectional data, and 
atrial and ventricular dimensions were recorded from 
many sites. The data are similar from similar sites. It is 
reasonable to assume that if the measurement really re- 
flects the dimension, where. the measurement was. re- 
corded would make no dif ference. Variations may relate 
ions recorded, and the tech- 











Because the data were analyzed retrospectively, the ` 
frequency with which these measurements could be ob. 
tained is probably. an underestimate of actual frequen- ` 
cy. This is a problem with the design of this study; be- 
cause the data were gathered from studies performed to ` ` 
exclude congenital heart disease, there was a greater fo- ` 
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ed study, more measurements of these structures could 
be obtained, and that this study does not reflect the ac- 
‘tual frequency with which these observations | may be 
Obtained. 

The chamber dimensions displayed in Table I fre- 





quently. show both a curvilinear and linear function | 
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dimensional n method. 
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Thirty-two patients with repaired type A aortic 
dissection were examined by transthoracic echo- 
cardiography (TTE) (n = 32), transesophageal 
-echocardiography (TEE) (n = 30), computed to- 
mography (CT) (n = 29), or a combination of all 3, 
to assess course and complications as a function 
of the surgical procedure. The mean follow-up pe- 
riod was $5.7 months (range 3 to 132). Surgery 
consisted of a replacement of the ascending aorta 
in 25 patients (group 1) with extension to the 
transverse aorta in 7 (group 2). The transverse di- 
ameter of the aorta, the persistence of the false lu- 
men, thrombus formation and flow dynamics in 
the false lumen were evaluated by TEE. Ten pa- 
tients (31%) had a dilation in the initial ascending 
aorta (sinus of Valsalva aneurysm in 6 patients, 
and a false aneurysm in the other 4). Three of 4 
patients with a proximal pseudoaneurysm under- 
went operation after TEE and CT evaluation. In 
the descending thoracic aorta, there was good 
agreement between TEE and CT scan determina- 
tions of transverse vessel diameter. Persistence of 
flow within the false lumen was significantly more 
_ frequent in patients with a dilated aorta (p <0.05), 
whereas thrombosis was seen more often and 
false lumen less often in patients with nondilated 
aorta. No significant differences in vessel status 
or outcome were observed between the 2 groups, 
although this may have been due to the small size 
of group 2. TEE is thus a well-tolerated method 
for postoperative follow-up of type A aortic dissec- 
tion whatever the type of surgery. For the upper 
ascending aorta, CT provided sufficient data. 

(Am J Cardiol 1992;70:1468-1476) 
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ecently, the combination of transthoracic (TTE) 

and transesophageal (TEE) 2-dimensional echo- 

cardiography has been shown to be of value in 
the diagnosis of aortic dissection, with a higher sensitiv- 
ity and specificity than angiography and computed to- 
mography (CT).'-? Follow-up of repaired aortic dis- 
section by combined TTE and TEE can also provide 
information on the healing process and detect complica- 
Hong 17 Our study was designed to find out if there were 
differences in aortic structure and flow dynamics as 3 ` 
function of the surgical repair (replacement of ascend- 
ing aorta or aortic arch) of type A aortic dissections. 


METHODS 

Patient population: From March 1978 to June 1989, 
107 patients underwent a surgical repair of type A aor- 
tic dissection (involving the ascending aorta) in the sur- 
gical department of cardiovascular diseases in the Bor- 
deaux University Hospital. The patients’ ages ranged ` 
from 24 to 79 years (mean 54 + 20); 17 patients were - 
aged >70 years. There were 80 men and 27 women, of 
whom 93 had a DeBakey type I and 14 a type II dissec- 
tion. Ninety-seven cases were acute dissections, and the 
other 10 were chronic. 

The surgical procedure consisted of replacement of 
the ascending aorta with a synthetic (Dacron®) prosthe- 
sis with or without resuspension of the aortic valve. 

The prosthesis was restricted to the ascending aorta 
in 81 patients, and extended to the horizontal portion of 
the aortic arch in 26 patients (when the intimal tear was 
localized on the transverse aortic arch, and in all young 
patients). Thirty-three patients (30.8%) died during or 
soon after surgery. Seventy-four patients left the hospi- 
tal. The overall late mortality was 27%. Five patients 
were lost to follow-up. 

Repeat surgery was required in 5 patients (2 with 
aortic regurgitation, 2 with aneurysmal dilation of the 
thoracic aorta, and 1 for an aneurysm of the abdominal > 
aorta). All survivors (n = 49) were contacted between- 
August and October 1989. Thirty-two patients (27 men 
and 5 women, mean age 63.5 years, range 37 to 79) 
were examined prospectively to establish clinical status 
and progression of the aortic repair. In 17 cases, follow- 
up examination could not be performed because the pa- 
tients either lived too far away or elected not to attend. 

Reassessment group (Table I): In this group of 32 
patients, there were 18 with histories of hypertension 
and 4 with Marfan’s disease. The surgical procedures ` 
included 25 (20 type I, 5 type H) ascending aorta re- 








TABLE | ‘Clinical Data of the Study Population 


Age {yr) 
Pt. No. o &Sex ` Type 





Risk Factor 








Marfan 
Hypertension 


71M 
54M 


teen 


Lounen 


| 
j 
I 
52M l 
57M ` i Stee 
Git ` i 
-57M { — 
61M | 
69M | 
10 ‘67F | 
11. 66F | 
12 O 69M | 
13 54M } 
14 JBF i 
15 59M | 
16 37M | 
17 67M E 
j 
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zeit? 
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Hypertension 
Hypertension 





eneen 





f : Hypertension 





Marfan 
Marfan 
Hypertension 
Hypertension 


ponerse 







18 67M 
19 69M 
20 62M | oe 









Hypertension ` 


Treatmant 


Bentall 
Aortic graft 
Aortic graft 
Bentall 
Bentall 
Aortic graft 
Bentall 


Berta 


Bentall ` 
Aortic graft 
Aortic graft 
Aortic graft 
Aortic graft 
Aortic graft: 
Dental 
Bentail 
Aortic graft 
Aortic graft 
Aortic graft 
Bentall 






Follow-Up 
(mos) 






GA 65M H 
22 79M i 
23 64M d 
24 67M H 
29 71M il 
26 72M t 
27 44M | 
28 71M { 
29 67F i 
30 54M | 
31 65M | 
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placements (group 1) and 7 aortic arch replacements 
(group 2). Fourteen patients with significant aortic re- 
gurgitation benefited from an aortic valve prosthesis 
(Bentall procedure). Mean intervals between the initial 
operation and postoperative examination were 73.4 + 
38.4 months for group 1, type I; 35.0 + 41.3 months for 
group 1, type II, and 19.8 + 12.3 months for group 2 (p 
<0.001). | 
Echocardiography: Echocardiographic examinations 
were performed with an electronic sector scanner (Hew- 
lett Packard 77020, Andover, Massachusetts) with a 2.5 
MHz phased-array transducer for TTE studies, and a 5 
MHz probe for the TEE studies. ` 
-Conventional TTE and color Doppler flow examina- 
“tions were performed routinely before the TEE proce- 
` dure, Left and right parasternal, apical, suprasternal 
-and subcostal transducer views were systematically re- 
- corded.® Overall, 32 TTE procedures were performed. 
The thoracic aorta was visualized in horizontal scan 
-planes by TEE.’ Thirty procedures were performed, ex- 
-cept in 1 case in which bronchospasm prevented the 
examination, and in another in which the patient re- 
- fused it. 7 Ee 
_ Before examination, patients had fasted for a mini- 
mmm of 4 hours, and had given their informed consent. 
- In anxious patients, a mild sedation of midazolam was 
-administrated intravenously 5 to 10 minutes before the 
examination. In all patients, the throat was anesthetized 
locally with lidocaine (tablet or spray). Standardized 














Hypertension 
Hypertension 
Hypertension 
Hypertension 
Hypertension 
Hypertension 
Hypertension 
Hypertension 
Hypertension 
Marfan 

Hypertension 
Hypertension 


aortic arch, and upper and lower descending aorta. 
pathologic when its diameter excee 


section membrane with fluttering ends could be visual- — 


-analysis of the motion of the intimal flap, the presence. 













Aortic graft 106 
Aortic graft 34 
Aortic graft 22 
Aortic graft 7 
Bental 6 
Bentall + arch 34 
Bentall + arch 34 
Bentall + arch 24 
Aortic graft + arch. ` 24 
Bentall + arch i2 
Aortic graft + arch 
Aortic graft + arch 





scan planes were evaluated as described by Seward et 
al.? The proximal ascending aorta was scanned up to 3 _ 
to 5 em from the aortic valve plane. The trachea ob- 

scures the view of the upper ascending aorta, but the 
descending aorta was visualized by rotation of the trans-. 
ducer at the level of the left atrium, and was followed as- 
distally as possible below the diaphragm to the proximal | 
abdominal aorta. The probe was then pulled back slow- ` ` 
ly up to the aortic arch while noting the distance in 
centimeters from the incisors. For each patient, the aor- 
ta was approached segmentally according to the pres- 
ence and extent of (1) intimal flap or false lumen, and 
(2) thrombus in the false lumen. Overall aortic diame- 
ters were measured at the aortic root, ascending aorta, 
























The upper descending aorta was considered highly 
eeded 35 mm. An inti- _ 
mal tear was diagnosed when a discontinuity of the die _ 









ized. With color-coded Doppler, smaller intimal tears ` 

were detected when a turbulent jet traversed the dissect- 

ing membrane. df 
True and the false lumen were distinguished from an ` 


or absence of spontaneous echocardiographic contras 
and the color Doppler flow patterns. SC 


Aortic regurgitation was § raded semiquantitative 
by measuring the width of the jet within the left ventric 
ular outflow tract.® WEE 


| TABLE i Diameter of the Aorta at Different Levels = 


l Aorta Root Ascending 
are | Aorta (mm) 


24 d 40 40 39 36 
25 6 32 30 42 45 
31 6 35 38 34 38 
32 5 34 38 mmm 38 


35 35 
38 } 38 





SS l mography: CT was performed in all 
` Gegen except 3 with a history of allergy. Twenty-nine 





-procedures were performed according to a strict method 





on a Siemens Sor omaton D.R.H. or G.E. 8800 CT/T in 





Transverse. Descending 
Aorta fmm) Aorta mmy 





32 33 32 30 32 30 
30 34 35 35 29 28 
20 30 24 35 24 30 


32 38 28 35 28 35 


35 

29 

61 

30 

- g 28 

25 30 
30 30 

30 27 27 

35 35 35 

30 30 E 


RESULTS EE e E 
The reassessed patients had relatively. few symp- ` 
toms; 5 patients had chronic renal failure and 1 bad ` 


chronic myeloid leukemia. Results were analyzed at the a 


different levels of the aorta: aortic root, midportion of — S 
the ascending aorta, transverse aorta, and descending 


thoracic aorta (Tables II to VD. 


Aortic root (sinus of Valsalva) (Table fl): The mea- 
sured diameters of the aortic root at the level of sinus of 
Valsalva were compared between the 2 methods (TEE, 
CT). There were no significant differences between 
TEE and TTE, although mean diameters were signifi- 
cantly higher with CT than with echocardiography (p 
<0.05). This may due to a more tangential measure- 
ment plane with the CT scan. 





Ten patients had a dilated aortic root (>40 mm) on : Se : 
TEE and CT. The calargenicat of the proximal ascend- os 















| TABLE lil. Transesophageal Echocardiographic Findings S 





Asc. Aorta 
, . -FL 

Valsalva False Flow FL 
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TABLE IV Correlations Between Dilatation of Aorta and 
| Persistent False Lumen* 


Descending Aorta Dilated (n = 9} Nondilated(n = 21) 


False lumen + flow 
_.Thrombosed false lumen 
_. Absent false lumen 


~ *Dlagnostic method = transesophageal echocardiography. | 
ae < 9.065 (chi-square). $ 
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TABLE V Complications According to the Kind of EES 
Excluding DeBakey Type ll Patients* . 
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with echocardiography (p <0.05). With TEE, mean di- 
ameter was 34.7 + 6.2 cm, corresponding to the cross 
section of the Dacron graft. Only 4 patients had a dilat- 
ed ascending aorta (>40 mm), 2 of whom had a large 
proximal false aneurysm of the aorta (nos. 10 and 14), 
whereas the other 2 had a distal false aneurysm of the 
aorta (nos. 25 and 30). These small distal false aneu- 
rysms were not detected with TEE, because they fell in 
the blind zone, but were well seen on CT scan. 





TABLE Vi Complications According to the Kind of Surgery 
Including DeBakey Type |! Patients 

























Legend and abbreviation as in Table V. 





Group 1 Group 2 
(n = 6) 
J 
False lumen + flow 8 NS 4 
Thrombosed false lumen 4 NS l 
Absent false lumen 12 NS 3 
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FIGURE 1. Schematic drawings of complications observed at 
the level of the ascending aorta. Left, aneurysmal dilation of 
Valsalva sinus; right, false aneurysm due to proximal or distal 
suture dehiscence. 


FIGURE 2. Top, proximal peri- 
prosthetic false aneurysm (FA). 
Transesophageal echocardiography 
study at the level of the ascending 
aorta (AQ). The aortic graft (AOG) 
is 34 mm in diameter, whereas the 
mean diameter of the ascending 
aorta is 51 mm. Bottom, color 
Doppler imaging in the same pa- 
tient, showing a turbulent jet direct- 
ed toward the aortic graft. There is 
a slow circulating flow in the false 
lumen. LA = left atrium; LV = left 
ventricle; RV = right ventricle. 
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Transverse aorta: Mean diameter of the transverse 
orta was slightly but significantly different between 
CT and the echocardiographic measurements (p 
<0.05). A dilation of the transverse aorta (>40 mm) 
vas observed in 6 patients who underwent operation for 
1 type I aortic dissection with a Dacron graft, which 
was limited to the ascending aorta in 4 (nos. 2, 6, 15 
and 17), and extending to a portion of the aortic arch in 
the other 2 (nos. 28 and 29). In this group of patients 
with enlarged transverse aorta, a circulating false lumen 
was detected on TEE and CT in 6. An isolated intimal 
flap without dilation was also detected in 2 patients 
(nos. 3 and 5). In patients 3 and 15, the intimal flap was 
localized to the transverse aorta with no extension into 
the descending thoracic aorta (Figure 3). 

Upper descending aorta: Diameters of the upper de- 
scending thoracic aorta measured by TEE or CT scan 
were not significantly different (34.3 + 10.2 vs 39.0 + 


FIGURE 3. Transesophageal 2-dimension- 
al and M-mode echocardiography record- 
ed at the level of the transverse aorta 
showing 2 residual intimal flaps separat- 
ing the true and the false lumen with dis- 
tinct flows. 


FIGURE 4. Transesophageal echocardio- 
gram at the level of the descending thorac- 
ic aorta (2-dimensional color Doppler and 
M-mode) illustrating dilation of the aorta 
with a huge false lumen, mural thrombus 
and marked spontaneous echo contrast 
clearly seen on the M-mode tracing. 


9.7 mm). A dilation of this aortic segment (>35 mm) 
was observed in 9 patients (7 with type I and 1 with 
type II aortic dissection). In this group of patients with 
enlarged upper descending thoracic aorta, TEE and CT 
scan detected a false lumen in 8 cases. Furthermore, an 
isolated intimal flap without simultaneous dilation of 
the aorta was also detected in 4 patients with type A 
aortic dissection. Twelve patients (37.5%) with an inti- 
mal flap in the thoracic descending aorta. In 4 patients, 
the false lumen was thrombosed, whereas in 8 patients 
there was a circulating flow in the true and false lumi- 
na. A huge dilation of the upper ascending aorta (>50 
mm) was observed in 4 patients. An intimal tear at the 
level of the descending thoracic aorta in 7 patients was 
clearly seen by TEE with color-coded Doppler flow 
mapping (Figures 4 and 5). 

Flow within the false lumen of the dissected aorta 
was detected by TEE. Two characteristic flow patterns 
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were seen: (1) In 2 patients, systolic laminar flow in the 
false lumen, which was directed distally with a small 
diastolic reversal flow was seen. (2) In 6 patients, a 
slowly circulating or “swirling flow” was noted. Sponta- 
neous echo contrast within the false lumen was observed 
in the patients with swirling flow. 

An extensive and complete thrombus in the false lu- 
men, not detected by conventional echocardiography, 
was revealed by TEE and CT scan in 4 patients. 

CORRELATIONS BETWEEN AORTIC DILATION AND CLINI- 
CAL HISTORY: With regard to mean age, time of observa- 
tion and blood pressure, there were no significant differ- 
ences between patients with a diameter of the upper de- 
scending aorta >35 mm and those in whom it was <35 
mm as measured by TEE. 

A significant correlation (p <0.05) (Table IV) was 
observed between dilation of the aorta and persistent 
false lumen with flow (7 of 9 vs 3 of 21) as measured by 
TEE. Nine patients had a dilated upper descending aor- 
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ta (>35 mm). Seven of these had persistent flow across 
the false lumen, and in 5 there was spontaneous echo- 
cardiographic contrast and evidence of localized throm- 
bus formation, although none had a completely throm- 
bosed false lumen. 

Twenty-one patients had a nondilated upper de- 
scending aorta: in 3 there was a persisting flow lumen 
(swirling flow with spontaneous echo contrast), and in 1 
patient there was evidence of localized thrombus forma- 
tion. Five patients had a completely thrombosed false 
lumen, but 13 had no evidence of a false lumen. 

CORRELATIONS BETWEEN PERSISTENT FALSE LUMEN AND 
TYPE OF SURGERY (TABLES V AND VI): In group 1, recon- 
struction of the ascending aorta and TEE data were ob- 
tained in 24 of 25 patients. In group 2, reconstruction of 
the entire aortic arch and TEE data were obtained in 6 
patients. Persistence of flow within the false lumen was 
observed in 2 of 6 patients in group 2 and in 8 of 24 
patients in group 1. The difference was not significant, 
even when 6 patients with type II localized aortic dissec- 
tion in group 1 were excluded. 


DISCUSSION 

Our study highlights the value of routine investiga- 
tions for the follow-up of patients after surgical repair 
of type A aortic dissection, even if patients are asympto- 
matic. Angiographic,’ echocardiographic,!2 computed 
tomographic'®!! and magnetic resonance imaging!” 
studies have shown that false lumen tends to persist in a 
large proportion of patients in whom the false lumen 
had not been completely resected during surgery. 

Patients with no flow in the false lumen have been 
reported to have a higher survival rate (around 90%) 
than those with flow in both channels at the initial angi- 
ographic study.!? Formation of aneurysms occurred in 
30% of patients with De Bakey type I aortic dissection, 
and the most common cause of death was the rupture of 
such an aneurysm, accounting for 29.3% of all subse- 
quent deaths. In addition, hypertension is an important 
contributing factor as indicated by the fact that subse- 
quent aneurysms occurred in 45.5% of patients with un- 
controlled hypertension, and in only 17.4% of those with 
controlled hypertension. 17 

In the European Cooperative Study,!> after an initial 
diagnostic TEE of aortic dissection, 99 patients under- 
went follow-up TEE examinations for 1 to 48 months 
(average 12): A complication (reoperation or death) 
was noted in 22% of the patients with persistent open 
false lumen. However, patients with progressive or com- 
plete thrombus of the false lumen had no further prob- 
lems during the follow-up period. 

Reoperation may be necessary for any postoperative 
complications, including progressive aortic regurgita- 
tion, localized aneurysm formation and redissection. 
Haverich et al'® reported a 13% actuarial incidence of 
reoperation at 5 years and 23% at 10 years. 

The persistence of a false lumen is believed to be due 
to multiple communications between the true and false 
channels.?:!7.!8 In the early follow-up period, the persis- 
tent false channel may be free of thrombus, but over 
time these previously patent false channels tend to 


1474 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 DECEMBER 1, 1992 


thrombose. This was observed in half the patients with 
type III aortic dissection followed up for >1 year." 

With TEE, 2 characteristic flow patterns within the 
false lumen may be observed depending on the size of 
the persisting intimal tears. In these patients with large 
remaining communications, a biphasic flow was clearly 
observable, whereas a slowly circulating flow pattern is 
usually seen in patients with small communications.° 

The present study underlines the complementary 
role of TEE and CT scan in the postoperative follow-up 
of repaired type I aortic dissection. 

Visualization of the thoracic aorta is one of the most 
exciting applications of TEE, because the entire de- 
scending thoracic aorta, portions of the aortic arch and 
the ascending aorta can be revealed. CT scan is comple- 
mentary for visualization of the upper portion of the 
ascending aorta and transverse aorta. Combined TTE 
and TEE gives additional information about the status 
of the left ventricle, pericardium, and aortic and mitral 
valves. Furthermore, TEE can be performed at the bed- 
side or as an ambulatory method. It only takes about 15 
minutes, and it can provide immediate results without 
use of contrast medium. Complications encountered in 
our population are: 

1. AORTIC REGURGITATION: Only 1 case of severe aor- 
tic regurgitation was detected in a patient with a proxi- 
mal false aneurysm, stemming from loss of normal sup- 
port of the commissures of the valve. 

2. SINUS OF VALSALVA ANEURYSM: This was observed 
in 6 patients with type I aortic dissection treated with a 
simple interposition of a tubular graft. Some of these 
patients with Marfan’s syndrome required reoperation. 

3. PERIPROSTHETIC FALSE ANEURYSM: This type of an- 
eurysm was detected by TEE in 4 patients and by CT 
scan in 6. False aneurysms are usually due to suture 
dehiscence of the proximal or distal suture of the as- 
cending reconstruction. In our study, they were ob- 
served in patients who underwent operation between 
1984 and 1986, probably arising from the suture rein- 
forcement technique (glue) used during this period. No 
false aneurysms were apparent in the patients benefiting 
from sutures reinforced with Teflon strips. Pseudoan- 
eurysm of the ascending aorta is a rare and serious com- 
plication after composite graft surgery. The diagnosis is 
important for early surgical intervention because of the 
risk of rupture. Echocardiography with Doppler offers 
the advantage of noninvasively identifying the site of or- 
igin of the proximal pseudoaneurysm.'? Whether bipla- 
nar TEE would be helpful in evaluating distal pseu- 
doaneurysms remains to be determined. Three of our 
patients with a proximal false aneurysm underwent op- 
eration on after TEE and CT evaluation. In the other 
patients, surgery was not considered owing to advanced 
age of the patient or the small size of the aneurysm, or 
both. 

4. DESCENDING THORACIC ECTASIA: A dilation of this 
segment of the aorta was observed in 9 patients. Five 
patients also had a significant dilation of the transverse 
aorta. In this group of patients with enlarged upper tho- 
racic aorta, TEE and CT scans detected an active false 
lumen in 8 of 9 patients. Surgery was not considered for 


these patients owing to their old age. In patient 16, CT 
follow-up every 6 months was proposed. 

Study limitations: Some limitations stem from the 
diagnostic procedures used. TEE was impossible in 2 
patients, as was CT scan in 3 patients. 

Numerous patients who underwent surgery during 
the same period by the same surgical team could not be 
reassessed for various nonmedical reasons (geographical 
separation, noncompliance or old age). We were there- 
fore unable to determine the real benefit of extending 
surgery to the aortic arch. 

The question remains as to the optimal surgical 
technique for repair of type I aortic dissection. Since the 
successful results of Griepp et al,?? some teams use this 
technique if there is a risk of breaking of the arch, or if 
the intimal tear is on the arch. Recently Guilmet et al?’ 
reported 14 cases of aortic arch replacements with an 
in-hospital mortality of 28.5%, and no subsequent 
deaths during the follow-up period of 37 months. No 
aneurysms were observed angiographically. 

In our series, we found that surgical treatment was 
complete with an absence of complications for the De- 
Bakey type II aortic dissections. Concerning overall 
mortality and the persistence of a false lumen, the dif- 
ferences were not significant between the 2 groups, even 
when patients with type II aortic dissections from group 
1 were excluded. Therefore, we cannot confirm the ben- 
efit of extending surgery to the aortic arch because of 
the small number of patients involved. 
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Effectiveness and Safety of Bolus Administration 
of Alteplase in Massive Pulmonary Embolism 


Jean-Luc Diehl, MD, Guy Meyer, MD, Janine Igual, MD, Marie Anne Collignon, MD, 
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Animal studies have demonstrated that thromboly- 
sis with recombinant tissue-type plasminogen acti- 
vator (rt-PA) is accelerated and that bleeding is re- 
duced when rt-PA is infused over a short period. 
Previous clinical studies in patients with venous 
thromboembolism have shown that rt-PA is an ef- 
fective thrombolytic agent when administered by 
continuous infusion over 2 to 24 hours. Clinical 
experience of bolus rt-PA administration in pa- 
tients with massive acute pulmonary embolism 
(PE) is, however, limited. A prospective open 
study was conducted in which 54 patients with 
massive PE (Miller index >20 of 34) received a 
10-minute infusion of rt-PA at a dose of 1 mg/kg. 
Perfusion lung scanning was used to assess the 
change in pulmonary perfusion after drug admin- 
istration. At 48 hours and 10 days, the mean ab- 
solute improvements in the perfusion defect were 
11 and 31%, respectively. In addition, a signifi- 
cant clinical improvement occurred within 2 hours 
in 11 of the 15 shocked patients. Five patients 
died (9%) as a result of persistent shock (3 pa- 
tients), neurologic damage (1 patient) or intracra- 
nial bleeding (1 patient). Major bleeding occurred 
in 8 patients (15%). Long-term follow-up informa- 
tion was available for 44 of the 49 discharged pa- 
tients: 2 had died and 12 (27%) complained of 
persistent exertional dyspnea, 7 of whom had an 
associated heart or lung disease or chronic throm- 
boembolism at admission. These results suggest 
that a bolus regimen of rt-PA could provide a con- 
venient approach to thrombolytic therapy in pa- 
tients with massive PE. However, further trials are 
necessary to assess the efficacy and safety of this 
regimen against currently recommended dosages. 
(Am J Cardiol 1992;70:1477-1480) 
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ecombinant tissue-type plasminogen activator 

(rt-PA) has been shown to be a potent thrombo- 

ytic agent in patients with acute pulmonary em- 
bolism (PE). When administered at a dose of 100 mg 
over 2 hours, single-chain rt-PA (alteplase) induces 
faster angiographic reperfusion and hemodynamic im- 
provement than the 12- or 24-hour urokinase regi- 
mens.!:2 However, the bleeding rate in previous studies 
using this Food and Drug Administration (FDA)-ap- 
proved rt-PA regimen remained important. Studies in 
experimental venous thromboembolism indicate that a 
rapid intravenous administration of a low dose of alte- 
plase has a high thrombolytic efficacy? and may be as- 
sociated with a low bleeding rate.* Recent clinical stud- 
ies in patients with acute myocardial infarction*ć and 
PE’ also suggest that bolus administration of rt-PA 
could be a safe and convenient thrombolytic regimen. 
This prospective open study evaluates the efficacy and 
safety of a 1 mg/kg alteplase infusion administered over 
10 minutes in patients with massive PE. 


METHODS 

Patient selection: All patients referred to our institu- 
tion with symptoms suggestive of massive PE were con- 
sidered for the study. A 6-view perfusion lung scan was 
routinely performed before pulmonary angiography. Pa- 
tients underwent catheterization usually with brachial 
venous access. Mean pulmonary artery pressure was 
measured and selective bilateral pulmonary angiogra- 
phy was performed using standard, large-format cut- 
films. The severity of embolism was assessed by the 
method of Miller et al.8 Patients with a Miller angio- 
graphic score of at least 20 of 34, as judged by the 
physician in charge, were considered for entry into the 
study. The exclusion criteria were: major surgery in the 
past 10 days, intracerebral or intraspinal surgery in the 
past 3 months, head trauma or cerebrovascular accident 
in the past 6 months, history of cerebral hemorrhage at 
any time, puncture of a noncompressible vessel, or or- 
gan biopsy in the past 10 days, pregnancy, bleeding dis- 
order or platelet count <100,000/mm? at admission, 
systolic blood pressure >180 mm Hg or diastolic blood 
pressure >110 mm Hg, or both, dissecting or other an- 
eurysm, pericarditis or endocarditis. 

Treatment regimen: All patients received alteplase 
(Actilyse®, Boehringer Ingelheim) as a bolus dose of 1 
mg/kg administered over 10 minutes (mean dose 67 
mg) through a peripheral vein. No patient received <50 
mg or >100 mg regardless of the weight below 50 or 
beyond 100 kg. At the end of the alteplase therapy, hep- 
arin was given as a continuous infusion of 400 IU/kg/ 
day. Heparin dosage was subsequently adjusted so as to 
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TABLE I Patient Baseline Characteristics 





Characteristics Group A Group B Total 

No. of patients 40 14 54 
Men/women 19/21 7/7 26/28 
Age (years) LL Zeit 70+11 
No. of patients who had 

Surgery in past month 10 2 12 

Right heart failure 17 6 23 

Shock 11 4 15 

Cardiac arrest 3 0 3 
Heart rate (beats/min) 100+20 99+12 100+18 
Respiratory rate (rpm) 24+5 27+6 25+6 
PA pressure (mm Hg) (mean) 29 +7 39 + 15 St 1) 
Miller index 29 £2 26.4 3 25+ 2 
PVOs (%) dai «9 75+8 74+9 


PA = pulmonary artery; PVOs = percentage of vascular obstruction by perfusion 
scanning. 


keep the activated partial thromboplastin time between 
2 to 3 times the control value. Oral treatment with war- 
farin was started 5 to 10 days after admission and the 
dose was adjusted daily to maintain the international 
normalized ratio between 2.0 and 3.0. All the surviving 
patients were taking oral anticoagulants at the time of 
discharge. 

Assessment of treatment efficacy: The effectiveness 
of the bolus alteplase therapy was assessed by compar- 
ing the baseline percentage of scintigraphic vascular ob- 
struction with that obtained at 42 to 54 hours and be- 
tween 7 and 21 days after inclusion. Each perfusion 
lung scan was scored by one of us, unaware of the angi- 
ographic severity at admission and clinical outcome, ac- 
cording to a method previously described. Since this 
scoring system was established and validated in patients 
free of previous cardiopulmonary disease, we differenti- 
ated, before perfusion lung scan assessment, patients 
free of significant cardiac, pulmonary and chronic 
thromboembolic disease (group A) from those present- 
ing with such a condition (group B). Patients were con- 
sidered as having chronic thromboembolism preceding 
the acute episode if they met at least 1 of the following 
criteria: (1) symptoms suggestive of PE >1 month be- 
fore inclusion, (2) mean pulmonary artery pressure >50 
mm Hg at admission, and (3) angiographic features of 
chronic thromboembolism.!° Group allocation was de- 
cided by a consensus of 2 of us who were unaware of the 
scintigraphic and clinical outcomes. 

Adverse events: Recurrent PE and other adverse 
events were noted throughout the hospital stay. The 
following bleeding complications were recorded: hemor- 
rhagic stroke, hematomas of >5 cm in diameter, retro- 
peritoneal, mediastinal, pleural and pericardial bleed- 
ing, hemoptysis, epistaxis, gross hematuria, blood trans- 
fusion and need for surgery or any other special 
measure to control bleeding. Major bleeding was pro- 
spectively defined as bleeding that required blood trans- 
fusion, surgical control, or caused a decrease in hemo- 
globin level of >25 g/100 ml, and hemorrhagic stroke 
that had to be confirmed by computed tomography or 
autopsy. 

Long-term follow-up: A follow-up of discharged pa- 
tients was performed through hospital outpatient visits, 


and interviews of the patient or of the patient’s physi- 
cian. 

Statistical analysis: Results are expressed as mean 
+ standard deviation. Quantitative comparisons were 
tested for statistical significance with unpaired 2-tailed 
Student’s ¢ test. A p value <0.05 was considered signifi- 
cant. 


RESULTS 

Baseline characteristics: A total of 54 patients were 
included in the study between April 1990 and June 
1991 (Table I). During the same period 6 patients with 
massive PE were not included because of a contraindi- 
cation for thrombolytic therapy. Five of them were 
treated with heparin and the last one underwent embo- 
lectomy with a catheter device. 

A baseline pulmonary angiogram could not be per- 
formed in 2 patients because of major clot in the right 
atrium (1 patient) or severe hemodynamic impairment 
(1 patient). Both patients had deep venous thrombosis 
confirmed by contrast venography and bilateral seg- 
mental defects on baseline perfusion lung scan. The 
poor quality of angiogram did not allow an adequate 
evaluation of the Miller index in a third patient. 

For technical reasons, the baseline perfusion lung 
scan could not be performed in 3 patients. 

Scintigraphic recovery: The average percentages of 
vascular obstruction were 74, 63 and 43% at baseline, 
48 hours and 10 days, respectively, and the absolute im- 
provement in vascular obstruction was 11 + 9% at 48 
hours and 31 + 16% at 10 days. There were no signifi- 
cant differences in absolute improvement in vascular 
obstruction between patients with or without prior car- 
diopulmonary disease. At 48 hours, absolute improve- 
ment in perfusion lung scan defect was 12 + 10% and 9 
+ 4% in groups A and B, respectively; at 10 days the 
corresponding figures were 34 + 16% and 26 + 16%. 

Morbidity and mortality: Five patients (3 from 
group A and 2 from group B) experienced transient side 
effects during the alteplase infusion. One patient receiv- 
ing mechanical ventilation and inotropic support devel- 
oped severe hypotension. Three other patients experi- 
enced mild hypotension and the fifth patient felt hot, 
shivered and had transient hypertension. 

Five patients (4 from group A and 1 from group B) 
died during the hospitalization. Three patients died as a 
result of persistent cardiogenic shock, one of them (70 
years) before a planned surgical embolectomy could be 
performed. A surgical procedure was not considered in 
the 2 other patients (aged 82 and 87 years). Another 
patient died at day 3 from irreversible neurologic dam- 
age related to prolonged cardiac arrest before admis- 
sion. The last patient had intracranial bleeding secon- 
dary to head trauma due to bed fall 6 hours after alte- 
plase infusion and died at day 7. 

Recurrent PE was diagnosed in 2 patients on the 
basis of clinical symptoms and new scintigraphic defects 
at day 11 and 12. In another patient, recurrent PE was 
confirmed by pulmonary angiography at day 7. 

Major bleeding occurred in 8 patients (15%). Six pa- 
tients received a blood transfusion because of large he- 
matomas (3 patients), hematemesis (1 patient), and a 
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decrease in hemoglobin level without overt bleeding (2 
patients). One patient had a hemorrhagic stroke with- 
out long-term functional residual disability and another 
(mentioned previously) had an intracranial bleeding 
secondary to head trauma. 

Long-term follow-up: Among the 49 patients dis- 
charged from the hospital, follow-up information was 
obtained for 44. The mean follow-up was 7 months 
(range 2 to 16). Among the 36 hospital survivors in 
group A, long-term follow-up information was available 
for 31. Twenty-six (84%) showed no signs of cardiac or 
pulmonary functional limitation and 5 complained of 
exertional dyspnea (New York Heart Association class 
II). Two patients from group B died from sudden cardi- 
ac arrest 19 and 30 days after discharge. Four other 
patients from group B showed no signs of cardiac or 
pulmonary functional limitation and 7 complained of 
exertional dyspnea (New York Heart Association class 
II, 2 patients; New York Heart Association class III, 5 
patients). Finally, among the 11 patients presenting 
with cardiogenic shock at admission and who were dis- 
charged, 9 showed no signs of cardiac or pulmonary 
functional limitation and 2 complained of exertional 
dyspnea (New York Heart Association class IT). 


DISCUSSION 

Rapid clot lysis, with concomitant hemodynamic im- 
provement, is desirable in patients who have massive 
PE, particularly in patients with antecedent cardiopul- 
monary disorders. We found that a 1 mg/kg of alte- 
plase infusion administered over 10 minutes caused a 
mean absolute improvement in perfusion lung scan de- 
fect of 11 and 31% at 48 hours and 10 days, respective- 
ly. Although small, the early absolute improvement that 
was achieved was enough to produce a significant early 
hemodynamic improvement in 11 of the 15 shocked pa- 
tients. 

rt-PA is a promising recombinant thrombolytic 
agent that has been effective in PE.!211-12 In an open 
study of 47 patients with angiographically documented 
PE, Goldhaber et al!! showed that 50 to 90 mg of alte- 
plase administered over 2 to 6 hours caused clot lysis in 
94% of cases. In a subsequent controlled trial,! they 
demonstrated that 100 mg of alteplase given intrave- 
nously over 2 hours produced greater angiographic clot 
lysis and hemodynamic improvement at 2 hours after 
the start of therapy than a 24-hour regimen of uroki- 
nase. These findings were extended by Meyer et al* who 
showed that 100 mg of alteplase administered over 2 
hours induced a faster decrease in total pulmonary re- 
sistance compared with a 12-hour urokinase regimen, 
although the angiographic and hemodynamic improve- 
ments of alteplase and urokinase were similar at 12 
hours. 

In 1985, Agnelli et at found, in a rabbit jugular vein 
thrombosis model, that a 15-minute infusion of rt-PA 
produced an improved thrombolysis (96%) compared 
with a 4-hour infusion (36%). In a similar model, Clozel 
et al!3 reported that the rate and extent of rt-PA throm- 
bolysis were dose-dependent and that bolus infusion ap- 
peared to be more effective than rt-PA administered 
over 4 hours. Stassen et al!4 found that a 10-minute 


bolus infusion of 1 mg/kg of rt-PA induced a higher 
initial rate of clot lysis than 30- or 240-minute infusions. 
Similar results were observed by the Prewitt’s group in 
a model of canine PE?: a 15-minute infusion of 1 mg/kg 
of rt-PA produced a greater rate of clot lysis than the 
same dose administered over 90 minutes. However, in a 
subsequent study in dogs, they found that a 5-minute 
infusion was less effective than a 15-minute administra- 
tion, suggesting an upper limit to the dose thrombolytic 
rate relation.!5 Thus, available data on experimental ve- 
nous thromboembolism models suggest that rt-PA in- 
fused as a bolus of 1 mg/kg over 15 minutes is at least 
as effective as, and probably more than, rt-PA infused 
over a longer period. In addition, bolus infusion could be 
potentially safer since rt-PA is cleared rapidly, thus pre- 
venting circulating rt-PA from interacting with cross- 
linked fibrin degradation products, and thereby limiting 
their potential to promote fibrinogenolysis.'® 

Since the 1980s, a few clinical studies have been 
performed to help determine whether low-dose bolus 
thrombolytic regimen could achieve a rapid pulmonary 
revascularization, which could be of critical importance 
in the most seriously compromised patients. Bolus infu- 
sion of 15,000 to 20,000 [U/kg of urokinase has been 
shown to be effective in producing a rapid decline in 
pulmonary hypertension and pulmonary vascular ob- 
struction,!7:!8 and was associated with a low bleeding 
rate. Clinical experience with bolus infusion of rt-PA in 
patients with acute PE is, however, more limited. Levine 
et al’ published a clinical study that suggested that 
weight-adjusted bolus alteplase can achieve comparable 
efficacy (assessed by perfusion lung scan) to the effica- 
cy achieved in the alteplase versus urokinase trials.'~ 

These results prompted us to evaluate the clinical 
efficacy and safety of 1 mg/kg of alteplase infusion ad- 
ministered over 10 minutes in patients with massive PE. 
Early mean absolute improvement in a perfusion lung 
scan defect observed in the present trial (11%) is very 
similar to that reported by Goldhaber et al! (12%) and 
Levine et al” (10%). Although higher revascularization 
rates (10 to 43%) were usually reported in studies that 
used pulmonary angiography to assess recovery,!7!!! 
this could be due to differences between the angiograph- 
ic and scintigraphic scoring methods. However, the scin- 
tigraphic assessment system that was used in the pres- 
ent study has been shown to be in close agreement with 
the Miller angiographic index,’ and we also observe a 
good correlation between the baseline lung scan defect 
and Miller index in our patients. Therefore, we cannot 
rule out that the 1 mg/kg rt-PA bolus regimen that we 
used has less thrombolytic effect than a 50 to 100 mg 
infusion administered over 1 to 2 hours. 

The reported rates of major bleeding complications 
in previous studies that use rt-PA in PE vary from 0 to 
21%, but these differences are in part explained by dif- 
ferent definitions of major bleeding. If major bleeding is 
defined according to the criteria used in a recent multi- 
center cooperative trial? and the present study, the cal- 
culated bleeding rates ranged from 19 to 23% when a 2- 
to 7-hour continuous infusion of 50 to 100 mg of rt-PA 
was used; the rates were 9% in the study of Levine et al’ 
and 15% in the present study in which a bolus adminis- 
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tration of rt-PA was used. Therefore, the incidence of 
hemorrhage should be related to the thrombolytic regi- 
men and the total dose of rt-PA used but also to the 
intensive vascular investigations performed in some 
studies!?-!!.!2 and not in others.” Unfortunately, 1 of our 
54 patients developed spontaneous intracranial bleeding 
and another one had posttraumatic cerebral hemor- 
rhage (overall incidence, 3.7%; 95% confidence interval 
0.4 to 12.8%). Although high doses of thrombolytic 
agents may predispose to this devastating complication, 
it could also have been caused by the elevated mean age 
of the patients included in this trial. 

Thrombolytic drugs have been shown to induce a 
rapid and sustained decrease in pulmonary hypertension 
in patients with massive PE.'? However, their use is still 
limited by an increased rate of bleeding. The 1 mg/kg 
rt-PA bolus regimen used in this study compares favor- 
ably with the FDA-approved dosing schedule of 100 mg 
as a continuous infusion over 2 hours. This method of 
administration allows a 33% reduction in the FDA-ap- 
proved total dose of rt-PA, thereby reducing cost. How- 
ever, the optimal bolus dose of rt-PA remains to be de- 
termined, and further comparative studies are also 
needed to assess whether bolus administration of rt-PA 
could be hemodynamically more rapidly effective and 
could induce less major bleeding than more prolonged 
infusions. 
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Course of Left Ventricular Hypertrophy and 
Function in End-Stage Renal Disease 
After Renal Transplantation 


Jürgen Hating, MD 


Cardiovascular complications are frequent and re- 
lated to left ventricular (LV) hypertrophy and dys- 
function in end-stage renal disease. To examine 
cardiac changes after renal transplantation, 24 
hemodialysis patients (18 men and 6 women, age 
47 + 12 years) were analyzed in a prospective fol- 
low-up study with echocardiography immediately 
before and 41 + 30 months after renal transplan- 
tation. Mean systolic blood pressure (hemodialysis 
vs transplantation: 156 + 35 vs 144 + 15 mm Hg; 
p = not significant [NS]), as averages of 6 mea- 
surements from 2 weeks, remained constant and 
elevated. The most frequent echocardiographic 
findings at both assessments were left atrial dila- 
tation (75 vs 79%; p = NS) and LV hypertrophy 
(71 vs 67%; p = NS). After transplantation, an in- 
crease was found in mean left atrial diameter (41 
+ 5 to 44 + 5 mm; p <0.05) and end-diastolic LV 
diameter (50 + 5 to 53 + 5 mm; p <0.05) at con- 
stant LV muscle mass (332 + 104 vs 329 + 94 g; 
p = NS). LV ejection fraction (58 + 10% to 63 + 
12%; p <0.02) and stroke volume (98 + 26 to 118 
+ 25 ml; p <0.02) improved. No influence of blood 
pressure in sporadic morning determinations or of 
dialysis fistula patency on alterations of LV mass 
or function was found. Left atrial diameters in- 
creased in patients with patent dialysis fistulas 
(41 + 7 to 45 + 5 mm; p <0.05), but not in those 
with occluded fistulas (41 + 7 vs 42 + 4 mm; 
p = NS). The data suggest that systolic LV func- 
tion improves after renal transplantation, whereas 
LV mass remains increased independent of the pa- 
tency of a dialysis access. Whereas arterial blood 
pressure, as assessed with sporadic morning mea- 
surements, has no predictive value for changes of 
LV mass, the role of continuous 24-hour blood 
pressure control is yet to be determined. 

(Am J Cardiol 1992;70:1481-1484) 
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are risk factors for high cardiovascular mortali- 

ty of patients with end-stage renal diseasg 
Whereas LV hypertrophy is progressive during inter- 
mittent hemodialysis and continuous ambulatory perito- 
neal dialysis,*~’ there are controversial data on changes 
after renal transplantation.*-!> Because of hemodynam- 
ic advantages associated with transplantation, beneficial 
effects can be expected in the cardiovascular system; 
hypervolemia and hypercirculation due to anemia and 
arteriovenous fistulae are normalized, uremic toxins 
removed and electrolyte imbalancies corrected. The 
knowledge of cardiovascular effects of renal transplan- 
tation may add important aspects of patient selection 
for and care after renal transplantation. Therefore, 
changes of cardiac structure and function in 24 patients 
(age 47 + 12 years) treated with intermittent hemodial- 
ysis (weekly dialysis duration 3 X 4 hours; total dialysis 
duration 50 + 29 months) were followed for 41 + 30 
months after renal transplantation in a prospective 
echocardiographic analysis. 


| eft ventricular (LV) hypertrophy and dysfunction 


METHODS 

Patients: Of 97 chronic hemodialysis patients (68 
men and 29 women, age 45 + 12 years) who underwent 
transplantation at 1 dialysis center, 31 agreed to partici- 
pate in the study and were initially analyzed. Patients 
were treated in a limited-care dialysis center and were 
included on a random and consecutive basis. No patient 
had clinical signs or symptoms of cardiovascular decom- 
pensation, or significant valve disease by echocardiogra- 
phy or color flow Doppler echocardiography. Seven pa- 
tients were lost to follow-up or refused to participate 
during the course of the study; thus, 24 (18 men and 6 
women, age 47 + 12 years) were reassessed after renal 
transplantation. This group was not different in age or 
sex from the entire group of patients with transplanta- 
tions in this center and can therefore be considered rep- 
resentative of them. 

Echocardiographic assessments before renal trans- 
plantation were obtained immediately before a hemodi- 
alysis session and repeated every 2 months, on the aver- 
age 1.1 + 0.2 months before transplantation. Follow-up 
control assessments were obtained 41 + 30 months 
(range 1 to 122 months) after transplantation by the 
same examiner to assess the influence of different dialy- 
sis durations on LV parameters. Patients were exam- 
ined in the left lateral recumbent position after a 15- 
minute rest period. Blood pressure values are reported 
as averages of 6 measurements from the 2 weeks pre- 
ceding the examination. Blood pressure during hemodi- 
alysis was determined before a dialysis session; values 
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TABLE I Clinical Parameters of 24 Patients Included in 
Echocardiographic Follow-Up Analysis 


Follow-Up: 
Transplantation 


Control: 
Hemodialysis 





Duration of therapy (month) 50 + 29 41 + 30 
Weight (kg) 742 ¥2" 78 +11 
Body surface area (m2) 1.88 + 0.20* 1.93 + 0.20 
Systolic arterial BP (mm Hg) 156: +35 144+ 15 
Diastolic arterial BP (mm Hg) 88 + 14 88 + 8 
Mean arterial BP (mm Hg) 111 + 20 107 +8 
Urea (mg/dl) 163 + 5l1t 55 + 45 
Creatinine (mg/dl) 12.5 + 2.4t 1.84 + 0.80 
Hemoglobin (g/dl) 8.74 + 1.40t 13:62: 2.1 
Alkaline phosphatase (U/L) 121 + 86 121 + 25 


*p <0.02; tp <0.01. 
BP = blood pressure. 


after transplantation are based on early morning mea- 
surements. 

Echocardiography: Echocardiographic determina- 
tions were obtained according to the standards of the 
American Society of Echocardiography.'© A Hewlett- 
Packard 77 020A echo system was used for control 
studies and a Hewlett-Packard Sonos 1000 for follow- 
up studies, each equipped with a 2.5 MHz transducer 
for M-mode registrations under 2-dimensional guidance 
from the parasternal long-axis view. LV volume and 
mass were calculated from the apical 4-chamber view 
using standard formulas.'’ Registrations were recorded 
on a Panasonic 6300 VCR for later analysis, using aver- 
age values of 5 consecutive cardiac cycles. Based on 
data from our echocardiographic laboratory, the follow- 
ing values were defined as normal: LV end-diastolic di- 
ameter <56 mm, LV ejection fraction >55%, interven- 
tricular septum end-diastolic thickness <12 mm, poste- 
rior wall end-diastolic thickness <11 mm, left atrial 
diameter <40 mm, and LV muscle mass <266 g. 
Asymmetric septal hypertrophy was defined as a septal 
thickness >12 mm and a ratio of septal/posterior wall 
thicknesses >1.3. 

Statistics: Data are reported as mean + SD. For 
statistical analysis, Student’s 2-tailed ¢ test for paired 
data, chi-square evaluation, or Pearson’s correlation co- 
efficient for linear regression analysis were used where 
appropriate. A p value <0.05 was considered signifi- 
cant. 


RESULTS 

Clinical patient characteristics, blood chemistry: 
Clinical patient data are summarized in Table I. All 
patients were in sinus rhythm, except 1 with atrial fi- 
brillation. One patient had a history of myocardial in- 
farction with a subsequent bypass operation. Significant 
coronary artery (3- and 1-vessel) disease without indica- 
tion for intervention was diagnosed in 2 patients, and 
was excluded in 2 by coronary angiography. No sign of 
coronary artery disease was found in 2 patients by thal- 
lium scintigraphy, in 4 by exercise testing and in 13 by 
clinical history. 

After renal transplantation, patient weight and body 
surface area (p <0.05), and hemoglobin concentration 
(p <0.01) increased, and serum urea and creatinine 
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decreased (p <0.01) as compared with hemodialysis. 
Mean systolic and diastolic blood pressures and serum 
alkaline phosphatase activities remained constant. At 
follow-up, an average of 1.8 antihypertensive drugs 
were prescribed to 18 patients; furosemide was pre- 
scribed to 12 patients at an average dose of 72 mg/day/ 
patient. 

aphic parameters: The most frequent 
echocardiographic findings at both assessments were 
left atrial dilatation and LV hypertrophy (Figure 1). 
The frequency of LV dilatation increased insignificantly 
from the first to second assessment. Mean left atrial and 
LV end-diastolic diameters increased after transplanta- 
tion (p <0.05), whereas LV end-systolic dimensions and 
volumes remained unchanged. Mean LV ejection frac- 
tion increased after renal transplantation (p <0.02), but 
the frequency of LV systolic dysfunction remained un- 
changed (Figure 1). 

A tendency toward a decrease in mean thicknesses 
of the interventricular septum and LV free wall was not 
significant; their mean ratio was comparably increased 
at both assessments (Table II). This contributed to a 
high frequency of asymmetric septal hypertrophy (Fig- 
ure 1). LV mass was comparably increased at both as- 
sessments, but the increase in LV diameter was attrib- 
uted to an increase in mean LV radius/thickness ratio 
(p <0.05) (Table II). Individual changes of LV mass 
between assessments were directly correlated with 
changes of left atrial diameter (p <0.02). Changes or 
absolute values of left atrial and LV diameters, LV 
mass and ejection fractions were not correlated with 
systolic or diastolic blood pressure, duration of hemodi- 
alysis or transplantation treatment, number of cardio- 
vascular drugs, hematocrit, serum creatinine or alkaline 
phosphatase activity. 

Influence of blood pressure and patency of dialysis 
fistulas on cardiac changes: To determine the influence 
of arterial hypertension on LV dimensions and mass, 
changes in subgroups with systolic blood pressure >140 
mm Hg (157 + 11/88 + 9; n=11) versus <140 mm 
Hg (134 + 9/88 + 8; n= 13) during transplantation 
were analyzed. Mean transplantation durations were 
comparable between the subgroups (42 + 26 vs 47 + 27 
months). In both groups, LV wall thickness and mass 
remained comparable and unchanged at both assess- 
ments; changes in left atrial (41 + 6 to 45 + 5 mm, and 
41 + 5 to 43 + 5 mm, respectively) and LV end-diastol- 
ic (50 + 6 to 54 + 6 mm, and 50 + 5 to 52 + 6 mm, 
respectively) diameters, and LV ejection fraction (55 + 
11% to 60 + 10%, and 60 + 9% to 65 + 12%, respec- 
tively) were comparable and not significant. 

Subgroups of patients with patent (n = 13) versus 
occluded (n = 11) dialysis fistulas did not differ regard- 
ing changes of LV dimension or function. However, 
mean left atrial diameter increased in patients with pat- 
ent dialysis fistulas (41 + 7 to 45 + 5 mm; p <0.05), 
but remained constant in those with occluded fistulas 
(41 + 7 to 42 + 4 mm; p = not significant). 


DISCUSSION 
Relevance of findings: The major finding of the 
present study is that after renal transplantation, the 
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amount of LV hypertrophy is unchanged, whereas LV 
systolic function is improved. These results suggest the 
following clinically relevant consequences: 

(1) The improvement of LV systolic function, de- 
spite an increase in radius/thickness ratio and wall 
stress, emphasizes the beneficial effects of removal of 
uremic toxins and removal of imbalances on myocardial 
contractile state. This is only of marginal importance in 
patients with normal LV systolic function, but may be a 
central issue in those with severely reduced LV function 
during hemodialysis. Congruently, Burt et al found a 
significant improvement of LV ejection fraction (20 to 
35% to 43 to 69%) in uremic patients with dilated car- 
diomyopathy after renal transplantation. 

(2) LV hypertrophy persists despite removal of nu- 
merous cardiotropic stressors after renal transplanta- 
tion, including volume overload, the high cardiac output 
state due to anemia and the presence of an arteriove- 
nous fistula, metabolic influences such as electrolyte im- 
balances and acidosis, choice of dialysate, and the pres- 
ence and severity of underlying heart disease. One may 
expect LV hypertrophy to regress after many of these 
factors are eliminated. The observation in this study 
that it does not regress after renal transplantation, even 
in patients whose arteriovenous fistula was occluded, 
suggests that the stressors traditionally associated with 
hemodialysis may be less important than was previously 
assumed or that a strong stressor common to both con- 
ditions, such as arterial hypertension, persists. The fact 
that changes in left atrial diameters are related to pa- 


100 


Left atrial dilatation (>40 mm) 





tency of fistula suggests that a patent fistula contributes 
to increased preload, but does not support the need for 
rapid closure of the arteriovenous fistula after renal 
transplantation. 


TABLE II Echocardiographic Left Ventricular Diameters and 
Systolic Function of 24 Patients with End-Stage Renal Disease 
During Treatment with Hemodialysis and After Renal 


Transplantation 


Control: Follow-Up: 
Hemodialysis ` Transplantation 
Heart rate (beats/min) 82 + 14 77. E 
LV end-diastolic diameter (mm) 50.2 + 5.0* 53 +6 
LV end-systolic diameter (mm) 30.7 + 6.0 32.5 + 10.0 
Left atrial diameter (mm) 40.8 + 5.0* 43.8 + 5.0 
LV end-diastolic volume (ml) 170 + 37* 190 + 11 
LV end-diastolic volume index (ml/ 90+ 15 99 + 21 
m2) 
LV end-systolic volume (ml) 72+ 24 73°t 33 
LV end-systolic volume index (ml/ 38 + 12 38 +17 
m2) 
Stroke volume (ml) 98 + 26t 118 + 25 
LV ejection fraction (%) 58 + 10t 63 + 12 
Fractional shortening (%) 35 + 8T 40+9 
Interventricular septum thickness 15.2 + 3.0 14+ 3 
(mm) 
LV posterior wall thickness (mm) 10.5 + 2.0 10.1 + 2.0 
Septal/posterior wall thickness ratio 1.48 + 0.34 1.39 + 0.20 
LV muscle mass (g) 332 + 104 329 + 94 
LV muscle mass index (g/m?) 175 + 48 171+ 49 
LV radius/thickness ratio 2.01 + 0.40* 2.25 + 0.40 


*p <0.05; tp <0.02. 
LV = left ventricular. 


LV hypertrophy (concentric + asymmetric) 


Prevalence of findings [%] 


increased, and prevalence of LV systolic 


Asymmetric septal hypertrophy (IVS/LVPW >1.3) 
Reduced LV ejection fraction (<55%) 


LV dilatation (enddiastolic >56 mm) 
Severe arterial hypertension (BP > 160 mmHg) 


Diastolic hypertension (BP > 90 mmHg) 


Moderate arterial 
hypertension (> 140 mmHg) 
| Concentric LV 


hypertrophy 





dysfunction 
cance. BP = systolic arterial blood pressure. IVS = interventricular septum; LVPW = left ventricular posterior wall. 
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Role of hypertension: The increase in left atrial and 
LV end-diastolic diameters suggests that in this study 
group, insufficient volume control (increased preload) 
may have had a crucial role in the maintenance of arte- 
rial hypertension (increased afterload) and LV hyper- 
trophy after transplantation. Because LV function is 
improved after renal transplantation, the observed in- 
crease in LV volume is probably attributable to overhy- 
dration. Salt and fluid retention could be a side effect of 
prednisone, which was routinely administered for im- 
munosuppression. 

Arterial hypertension, a strong cardiac stressor, was 
frequently found in this study. The fact that no differ- 
ence in LV mass changes was observed between patients 
with normal and increased blood pressure does not nec- 
essarily mean that blood pressure has no relevance for 
changes in LV mass. It may be attributable to the fact 
that sporadic, especially daytime, blood pressure mea- 
surements do not adequately reflect the severity of hy- 
pertension. In dialysis patients, the physiologic circadian 
blood pressure variation with a nighttime low is altered 
or even reversed.'*:!9 The role of continuous, 24-hour 
measurements (which are not available in the present 
study) for changes of LV mass and function has not 
been determined. 

Previous investigations: Contrary to the present 
findings, a significant regression of LV hypertrophy af- 
ter renal transplantation has been reported in several 
follow-up studies focusing on diabetic and nondiabetic 
young patients,?!° and unselected groups of adults!!-!3 
for up to 44 months. In those studies, systolic blood 
pressure and LV volumes decreased significantly, which 
is different from the present results. The concept that 
atrial blood pressue has a major influence on LV mass 
in these patients is supported by the fact that in the only 
follow-up study with no regression of LV hypertrophy 
after transplantation, blood pressure also remained un- 
changed.'* In all studies, LV systolic function improved, 
which may in part be an effect of different loading con- 
ditions during hemodialysis and after transplantation.!° 
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MD, and Klaus Miiller, MD, for help and cooperation 
in organizing the study, and to the many patients who 
volunteered their time and effort to participate. 
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EDITORIALS 


What is the Optimum Dose of Dipyridamole for 
Cardiac Imaging? 


Abdulmassih S. 


yocardial perfusion imaging during pharma- 
MM Gear induced coronary hyperemia has 

proved to be useful in the diagnosis of coro- 
nary artery disease (CAD) and risk stratification.!~? 
Despite important differences in the pharmacokinetics 
of dipyridamole and adenosine, several studies have 
shown similar high sensitivities and specificities for de- 
tecting CAD with both agents (80 to 90% each). The 
standard dose of dipyridamole in humans is based on 
prior experimental animal work and is 140 ug/kg/min 
for 4 minutes (total 0.56 mg/kg).!° The recommended 
dose of adenosine is 140 ug/kg/min for 6 minutes.**’ 
The standard dose of dipyridamole has been reported to 
produce maximal coronary hyperemia in most but not 
all patients. Therefore, a 50% higher dose (total dose 
0.84 mg/kg) has been used by some investigators, espe- 
cially those in Europe and those using dipyridamole 
with 2-dimensional echocardiography.®!! Maximal cor- 
onary hyperemia (in a normal coronary artery), just as 
maximal exercise, is not necessary to produce perfusion 
abnormalities in most patients. The use of pharmaco- 
logic stress testing after acute myocardial infarction 
(AMI) has shown that important prognostic informa- 
tion regarding the extent of necrosis, myocardial viabili- 
ty and ischemia in the infarct zone, and ischemia in 
remote zones suggesting multivessel CAD can be ob- 
tained.8? The relative merits of pharmacologic stress 
testing compared with those of submaximal or maximal 
exercise testing combined with perfusion imaging is not 
yet clear; there is an ongoing multicenter trial to ad- 
dress this specific issue, and hopefully the results will be 
available in the near future. 

Abnormal test results during pharmacologic stress 
testing are defined as the presence of a fixed or revers- 
ible perfusion defect when thallium- or technetium-la- 
beled imaging agents are used and as the presence of a 
fixed, new or worsening wall motion abnormality when 
2-dimensional echocardiography is used. Reversible de- 
fects and new or worsening wall motion abnormalities 
are considered as markers of ischemia, whereas fixed 
defects and wall motion abnormalities represent scar, 
although recently it has become clear that as much as 
50% of fixed defects contain viable myocardium. 

The sensitivity of 2-dimensional echocardiography 
with pharmacologic stress testing for detecting CAD 
has varied between 10 and 90%.!3 Such variation is 
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probably related to patient selection, specifically the 
prevalence of previous AMI, and the extent and severity 
of CAD. In this issue of The American Journal of Car- 
diology, Casanova et al!? reported that the dose of dipy- 
ridamole is also important in determining the sensitivity 
by 2-dimensional echocardiography. They studied 57 
patients on the average of 9 days after uncomplicated 
AMI. Each patient underwent thallium imaging and 2- 
dimensional echocardiography at 2 different doses, stan- 
dard (0.56 mg/kg) and high (0.84 mg/kg). 

New or worsening wall motion abnormalities were 
detected in 4 patients (7%) at the standard dose and in 
24 (42%) at the high dose. More patients with multives- 
sel than 1-vessel CAD had a reversible abnormality (15 
of 24 vs 9 of 31). Of 33 patients who did not have a 
reversible abnormality, 2 had no significant CAD, and 
42 had 1-vessel and 9 had multivessel CAD. 

However, the extent and severity of the thallium ab- 
normality were not significantly different at the 2 doses; 
39 patients (68%) had reversible defects on both the 
standard and high doses. All patients with multivessel 
CAD, and approximately 50% with 1-vessel CAD had 
reversible defects. The remaining 18 patients who did 
not have reversible defects had fixed defects in the in- 
farct zone (2 with no significant CAD, and 16 with 1- 
vessel CAD). Thus, the high dose of dipyridamole was 
superior to the standard dose when 2-dimensional echo- 
cardiography was used, but not with thallium. Further- 
more, with either the standard or high dose, more pa- 
tients had a reversible thallium abnormality than a 2- 
dimensional echocardiographic abnormality. 

The differences between the thallium and 2-dimen- 
sional echocardiographic results are based on important 
differences in the mechanism of the production of per- 
fusion defects and wall motion abnormalities. Perfusion 
defects are due to either differences in regional coronary 
blood flow or ischemia. In a given patient, some perfu- 
sion defects may be due to flow heterogeneity and oth- 
ers to ischemia. However, wall motion abnormalities by 
2-dimensional echocardiography are due to ischemia. 
Because with pharmacologic stress testing, unlike exer- 
cise testing, the increase in double product and thus 
myocardial oxygen demand is minimal, the ischemia is 
most likely due to coronary steal (either intercoronary 
or transmural). This topic was recently discussed.'? 
Consistent with the ischemia and steal concept, more 
patients in the study of Casanova et al’? had ST-seg- 
ment depression with the high dose than with the stan- 
dard dose (25 vs 7%). Lattanzi et al'! reported that 
antianginal medications significantly decreased the sen- 
sitivity of 2-dimensional echocardiography. The differ- 
ence may to a small degree be due to the effect of medi- 
cations on blunting the heart rate increase, but is proba- 
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bly more likely due to their effects on the redistribution 
of the flow, and decreasing the pressure reduction 
across the coronary stenosis by dilating the stenosis seg- 
ment. 

Should all patients receive high-dose dipyridamole? 
The answer is probably no, because the high dose pro- 
duced more side effects than did the standard dose (57 
vs 7%), although most side effects were minor. Further- 
more, the high dose did not appear to affect the thalli- 
um results, where most perfusion defects may not neces- 
sarily be due to ischemia. More importantly, this study 
showed that even with the high dose, abnormalities were 
less often detected by 2-dimensional echocardiography 
than by standard-dose thallium. It is possible that a cer- 
tain mass of ischemic myocardium should be present 
before a visible wall motion abnormality can be detect- 
ed. This is especially important in the infarct zone, 
where the adjacent myocardium may have a fixed wall 
motion abnormality. 

Dobutamine thallium and 2-dimensional echocardio- 
graphic imaging are alternative techniques to exercise 
testing.'*-!© The mechanism of production of perfusion 
defects or wall motion abnormalities is based on the 
ability of dobutamine to produce a supply-demand im- 
balance due to increases in heart rate and contractility. 
In many but not all patients, there is also an increase in 
systolic blood pressure. Thus, the mechanism of action 
of dobutamine appears to resemble that of exercise, and 
both are different from adenosine and dipyridamole. 
However, I do not believe that dobutamine should be 
used in patients after AMI, because of its 8-agonist ac- 
tivity, especially considering that doses up to 40 ug/ 
kg/min are often used. This appears to be in sharp con- 
trast to the conventional wisdom of using 8 blockers in 
such patients; the arrhythmogenic properties of high- 
dose dobutamine are also of concern. 

Thus, at the present time, if pharmacologic stress 
testing is used in patients after AMI, a standard dose of 
dipyridamole or adenosine combined with thallium ap- 
pears to have advantages over standard- or high-dose 2- 
dimensional echocardiography. The use of sestamibi 
rather than thallium may have a slight advantage by 
enabling simultaneous measurement of left ventricular 
ejection fraction by first-pass radionuclide angiography. 
The prognostic importance of the resting ejection frac- 
tion has been well-documented in such patients. Further 


studies are needed to compare the prognostic impor- 
tance of perfusion, 2-dimensional echocardiograph and 
exercise testing. 
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BRIEF REPORTS 


Effect of a Number of Coronary Arteries Significantly Narrowed and 
Status of Intraventricular Conduction on Exercise-Induced QRS 
Prolongation in Coronary Artery Disease 


Andreas P. Michaelides, MD, Harisios Boudoulas, MD, Haris Antonakoudis, MD, 
Gregory P. Vyssoulis, MD, and Pavios K. Toutouzas, MD 


revious studies have shown that myocardial ischemia 

decreases conduction velocity at Purkinje fibers, 
Purkinje muscle junctions and ventricular muscle fi- 
bers.!-8 Thus, exercise-induced ischemia in patients with 
coronary artery disease may produce QRS prolongation. 
Although the effects of exercise-induced ischemia on the 
ST-segment changes, myocardial perfusion defects and 
segmental contraction abnormalities have been exten- 
sively studied in patients with coronary artery disease, the 
effect of exercise-induced ischemia on QRS duration has 
not been well evaluated. The present study was undertak- 
en to investigate the effect of exercise on QRS duration in 
patients with coronary artery disease. 

In all, 330 patients who underwent cardiac catheter- 
ization and exercise testing within 1 month of each other 
as a part of diagnostic evaluation were studied. There 
were 146 patients with normal intraventricular conduc- 
tion and 184 with intraventricular conduction defects on 
the resting electrocardiograms. From 184 patients with 
intraventricular conduction defect, 112 had left anterior 
hemiblock and 72 had complete right bundle branch 
block. Left anterior hemiblock and complete right bun- 
dle branch block were defined using the criteria proposed 
by the New York Heart Association Committee.’ 

Patients with valvular or congenital heart disease, 
left or right ventricular hypertrophy, complete left bun- 
dle branch block, ventricular preexcitation, history of 
cardiac surgery, and patients who were treated with digi- 
talis, were excluded before entry into the study. All med- 
ications were discontinued =5 half-lives before exercise 
testing. 

Exercise was performed on a Quinton 2000 treadmill 
according to the multistage Bruce protocol. During the 
procedure leads Hu, aVF, and Vs were continuously mon- 
itored on the oscilloscope and the electrocardiogram was 
recorded every minute during exercise and for 10 min- 
utes during the recovery period. Blood pressure was 
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FIGURE 1. QRS duration in lead Vs i 
before (A) and after (B) exercise; paper 
speed 50 mm/s. Note that the QRS 
prolonged with exercise. 
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measured every 2 minutes and at each stage change by 
sphygmomanometry. Exercise was terminated because 
of severe angina (69 patients), leg fatigue (167 patients), 

dyspnea (12 patients), complex ventricular arrhythmias 
(16 patients), decreased systolic blood pressure >20 mm 
Hg (7 patients) and a maximal ST-segment depression 
>3 mm (59 patients). A horizontal or downsloping ST- 
segment depression of =1 mm at 60 ms after the J point, 

or an upsloping ST-segment depression = 2 mm at 80 ms 
after the J point or in the presence of ST-segment de- 
pression at rest, and an additional 2 mm of ST-segment 
depression were considered ischemic responses. 

In each patient the duration of QRS complex was 
measured in lead Vs before and immediately after exer- 
cise with the patient standing, using a paper speed of 50 
mm/s (Figure 1). The duration of the QRS complex was 
measured from the beginning of the Q wave until the 
cutpoint between the isoelectric line and the perpendicu- 


TABLE I| Demographic Characteristics and Catheterization 
Data of the Patients Studied 


Normal 
Intraventricular 
Conduction 
(n = 146) 


Left Anterior 
Hemiblock 
(n = 112) 


Right Bundle 
Branch Block 
(n = 72) 


51.58 
63/9 
4 (6%) 


55.2+7 
98/14 
7 (6%) 


56.5 + 8* 
128/18 
12 (8%) 


Age (year) 
Men/women 
History of arterial 
hypertension 
History of myocardial 
infarction 
Left ventricular ejec- 
tion fraction (%) 
No. of coronary ar- 
teries narrowed 
> 50% in diameter 


13 (9%) 8 (7%) 8 (11%) 


§5 + A 53+8 5225 


33 (23%) 
55 (38%) 
33 (23%) 
25 (17%) 


26 (23%) 
40 (36%) 
32 (29%) 
14 (13%) 


14 (19%) 
22 (31%) 
18 (25%) 
18 (25%) 
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lar line starting from the end of the S wave (J point). In 
case of Q-wave absence, the measurement was obtained 
from the beginning of the R wave at the isoelectric line. If 
there was an obscurity of the S-wave ending the patient 
was not included in the study. QRS-wave duration was 
measured in 5 consecutive beats before and after exer- 
cise, and the difference of the mean value between the 
rest and immediately after exercise was used in the cal- 
culations. The measurements of ORS duration were per- 
formed using magnifying lens by 2 of the investigators 
who were unaware of the results of coronary arteriogra- 
phy. Intra- and interobserver variability for the ORS 
prolongation was 0.17 + 0.91 ms and 0.0 + 1.31 ms, 
respectively. 

All patients underwent selective coronary arteriogra- 
phy by the brachial (Sones) or percutaneous (Judkins) 
technique. Angiograms were evaluated by 2 cardiologists 
independently. Significant coronary artery disease was 
considered when there was a diameter narrowing 270% 
in the lumen of a major vessel or their major branches, or 
a >50% stenosis in the left main coronary artery. 

Statistical evaluation was performed using 2-way 
analysis of variance with multiple comparisons. 

Demographic characteristics and cardiac catheter- 
ization data are listed in Table I. The QRS duration 
decreased with exercise in patients with normal coronary 
arteries. In contrast, exercise produced QRS prolonga- 
tion, which was directly related to the number of ob- 
structed coronary arteries (Table IT). In patients with 1- 
vessel disease, QRS prolongation was similar in those 
with left anterior descending coronary artery stenosis 
compared with those with left circumflex or right coro- 
nary artery stenosis. 

The proportion of the patients with QRS prolonga- 
tion was also directly related to the number of obstructed 
coronary arteries (Table III). 


TABLE Il Changes in the Duration of QRS Induced with Exercise 


ST-segment depression was observed in 62 of 68 pa- 
tients (91%) with exercise-induced QRS prolongation 
and in 16 of 45 patients (36%) without ORS prolonga- 
tion (p <0.01). 

Exercise-induced QRS prolongation in patients with 
left anterior hemiblock and right bundle branch block 
was similar to that observed in patients with normal 
ventricular conduction at baseline electrocardiogram 
(Tables II, III and IV). 

The present study demonstrated that exercise-in- 
duced QRS prolongation in patients with coronary artery 
disease was directly related to the number of obstructed 
coronary arteries but not to the status of intraventricular 
conduction at the baseline electrocardiogram. 

Previous studies in experimental animals have shown 
that acute ischemia diminishes the conduction velocity 
through the conduction system and to the myocardium. 
Hamlin et al!° produced ischemia in the anterior wall of 
the myocardium in dogs and demonstrated QRS prolon- 
gation in 96% of the dogs. Similar findings were observed 
in other experimental studies.!!-!? It was postulated that 
decreased conduction velocity during an ischemic epi- 
sode, at Purkinje fibers, Purkinje-muscle junctions and 
ventricular muscle is secondary to hyperkalemia, which is 
due to the potassium extraction from the ischemic 
cells.!°!! This decreased conduction velocity during myo- 
cardial ischemia will be seen as QRS prolongation in the 
surface electrocardiogram.!2:!3 

Exercise-induced QRS prolongation may be a marker 
of myocardial ischemia. In patients with coronary artery 
disease, QRS prolongation during myocardial ischemia 
may be associated with ventricular arrhythmias since 
decrease conduction velocity may facilitate arrhythmias 
due to reentry. Indeed, in 9 of 16 patients (56%) in whom 
exercise was terminated because of complex ventricular 
arrhythmias, the QRS was significantly prolonged (+12 


Obstructed 
Coronary 
Arteries 


No. of 
Obstructed 
Coronary 
Arteries 


Normal 
Conduction 
(n = 146) 


—3.8+10ms 
(—7.1 to —0.4) 
+3.1+9ms 
(—0.2 to 6.6) 
+8.6 + 11 ms 
(4.7 to 12.5) 
+12.8+ 15 ms 
(7.9 to 17.7) 


Normal 
Conduction 
(n = 146) 


2/33 (6%) 
22/55 (40%) 
25/33 (76%) 
21/25 (84%) 


Left Anterior 
Hemiblock 
(= KE) 


—3.1 +11 ms 
(—7.3 to 1.1) 
+2.9+ 10 ms 
(—1.6 to 7.4) 
+9.5+ 13ms 
(4.8 to 14.2) 
+12.5 + 13 ms 
(5.7 to 19.3) 


Left Anterior 
Hemiblock 
(n = 112) 


2/26 (8%) 
17/40 (43%) 
25/32 (78%) 
13/14 (93%) 


Right Bundle 
Branch Block 
(n = 72) 


—3.6 + 10 ms 
(—9.7 to 2.5) 
+3.0+9ms 
(—1.6 to 7.6) 
+7.8 + 12 ms 
(2.2 to 13.2) 
+11.1 + 12ms 
(5.3 to 17.0) 


Right Bundle 
Branch Block 
(n = 72) 


1/14 (7%) 

9/22 (41%) 
12/18 (67%) 
13/18 (72%) 
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-3.5+ 10 ms 
(—8.0 to 1.1) 
+3.0 + Oms 
(—1.1 to 7.2) 
+8.6 + 12 ms 
(3.9 to 13.3) 
+12.1 + 13 ms 
(6.3 to 18.0) 


5/73 (7%) 
48/117 (41%) 
62/83 (75%) 
47/57 (82%) 





















Max. 
depression; NS = not significant. 
*Values are expressed as mean + 1 SD. 


+ 5 ms, p <0.01) with exercise. In contrast to patients 
with coronary artery disease, the increased adrenergic 
tone during exercise in normal persons may enhance con- 
duction velocity which results in a shortening in the dura- 
tion of the QRS.!3-!5 


1. DeMello WC. Cell-Cell communications in heart and other tissues. Prog 
Biophys Mol Biol 1982;39:147-182. 

2. DeMello WC. Modulation of junctional permeability. Fed Proc 1984;43: 
2692-2696. 

3. Gilmour RF, Evans JJ, Zipes DP. Purkinje-muscle coupling and endocardial 
response to hyperkalemia, hypoxia, and acidocis. Am J Physiol 1984;247(2 pt 
2):H303-H311. 

4. Joyner RW, Veenstra R, Rawling D, Chorro A. Propagation through electri- 
cally coupled cells: effects of a resistive barrier. Biophys J 1984;45:1017-1025. 
5. Mendez C, Mueller WJ, Meredith J, Moe GK. Interaction of transmembrane 
potentials in canine Purkinje fibers and at Purkinje fiber-muscle junctions. Circ 
Res 1969;25:361-373. 

6. Veenstra RD, Joyner RW, Rawling DA. Purkinje and ventricular activation 
sequences of canine papillary muscle: effects of quinidine and calcium on the 
Purkinje-ventricular conduction delay. Cire Res 1984;54:500-515. 


TABLE IV Exercise Parameters in Patients Studied 


QRS Un- 
QRS Pro- changed or 
longation Decreased 
(n = 70) (n = 76) 


Exercise duration (sec) 438 + 132* 452 + 145 NS 
Max. HR (beats/min) 151] +26 168 + 22 <0.05 
Max. SBP (mm Hg) 173-215 178+ 17 NS 
Max. ST depression (mm) 1.15+0.8 0.68 + 0.7 <0.05 
Time to ST depression = 1 mm 358 + 128 ED ze 195 NS 
Incidence of angina 31/70 (47%) 8/76 (11%) <0.001 


Exercise duration (sec) 445 + 142 457 + 139 NS 
Max. HR (beats/min) 149 + 20 167 + 16 <0.02 
Max. SBP (mm Hg) 175: +:26 183 + 22 <0.02 
Max. ST depression (mm) 1.25 +06 0.88 + 0.6 NS 
Time to ST depression = 1 mm 376 + 132 398 + 125 NS 
Incidence of angina 24/57 (42%) 7/55 (13%) <0.001 


Exercise duration (sec) 452 + 127 471 +131 

Max. HR (beats/min) 150+ 8 153 + 12 NS 
Max. SBP (mm Hg) 172 + 12 176 + 10 NS 
Max. ST depression (mm) 1.18 + 0.8 0.75 & 0.7 NS 
Time to ST depression = 1 mm 381 + 141 398 + 136 NS 
Incidence of angina 17/35 (49%) 5/37 (14%) <0.001 


HR = maximal heart rate; Max. SBP = maximal systolic blood pressure; Max. ST depression = maximal ST-segment 
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induced changes in QRS duration in patients with angina pectoris and in normal 
subjects. Am Heart J 1986;111:903-908. 

13. Dodge HT, Grant RP. Mechanisms of QRS prolongation in man: left ventric- 
ular conduction defects. Am J Med 1956;20:834-852. 
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men: a computer ECG analysis. J Appl Physiol 1983;54:1083-1088. 
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Operative Results After Unsuccessful Radiofrequency Ablation for 


Wolff-Parkinson-White Syndrome 


William L. Holman, MD, G. Neal Kay, MD, Vance J. 


he therapies available for Wolff-Parkinson- White 

syndrome have undergone an interesting develop- 
ment during the 20th century. The initial treatment for 
this syndrome included pharmacologic therapy together 
with vagal-stimulating maneuvers. Next was the surgical 
division of accessory pathways.' More recently, innova- 
tive transcatheter methods for ablating accessory path- 
way conduction were devised 272 In many centers, radio- 
frequency (RF) ablation has changed the indications for 
surgery to include unsuccessful RF ablation or coexistent 
cardiac pathology that needs surgical intervention. This 
report documents our experience with endocardial dissec- 
tion techniques after attempted RF ablation. 

During our initial 12-month experience, RF ablation 
was unsuccessful in 7 of 90 patients who then underwent 
surgical pathway division between August 1, 1990 and 
June 10, 1991. These 7 patients were compared with 10 
consecutive patients who underwent surgery for Wolff- 
Parkinson-White syndrome between October 4, 1989 and 
April 2, 1990 before the introduction of RF ablation. 
Demographic data were obtained from review of the 
medical records. Review of the operative notes provided 
details of the surgical procedure and a description of the 
effect of RF ablation on the heart. Details of RF ablation 
procedures were obtained from a review of procedure 
notes. Electrophysiologic studies after surgery to con- 
firm accessory pathway ablation were obtained in all 
patients. Follow-up information was obtained from 
chart review and telephone interviews with patients con- 
ducted from July 16, through August 8, 1991 (100% 
follow-up). Statistical analysis was performed using 
procedures contained in SAS-PC software (SAS Insti- 
tute, Cary, North Carolina). 

The demographic data (Table I) showed that there 
was a trend for patients with unsuccessful RF ablation to 
be heavier and to have a greater body surface area than 
those operated on without prior attempted ablation. Pa- 
tients treated with RF ablation before surgical accessory 
pathway ablation had a mean of 65.0 + 15.2 RF lesions 
(range 0 to 130) positioned at a mean of 1.8 + 0.2 
sessions. Two patients had perforation of the coronary 
sinus during attempted catheter ablation. Cardiac tam- 
ponade was successfully managed by percutaneous 
drainage of the pericardium and reversal of heparin 
anticoagulation. 

During this initial experience with RF ablation, pow- 
er levels ranging from 8 to 30 W were used. The variation 
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in RF power may explain some early unsuccessful RF 
ablations and also the absence of visible anatomic find- 
ings after RF ablation in 2 patients. Findings noted at the 
time of surgery in the other 5 RF patients included 
edema, scarring and evidence of fulguration (i.e., char- 
ring) in addition to tissue coagulation (Table II). These 
abnormalities were invariably located in the region of 
earliest activation, as determined by intraoperative map- 
ping. At the power levels used in these patients, mural 
thrombus or perforations of the surface were not seen. 

In the RF group, 5 of 7 accessory pathways were in or 
at the border of the posteroseptal space (3 posteroseptal 
and 2 left paraseptal; 2 right free wall pathways). In 10 
patients without prior attempted RF ablation, 8 of 11 
accessory pathways were located in the left free wall 
region, whereas only 3 were located in or bordering on 
the posteroseptal space (2 posteroseptal and 1 right 
paraseptal). Another earlier series of operations for 
Wolff-Parkinson-White syndrome from this institution 
included 22 left and 5 right free wall, and 3 posteroseptal 
space accessory pathways.’ 

Ten of 10 endocardial dissections were successful in 
patients without RF ablation, and 7 of 8 endocardial 
dissections were successful in patients with RF ablation 
(p = not significant). Eight dissections were performed 


TABLE I Demographic Variables 
RF Patients Non-RF Patients 


Age (year) 35.0 + 4.3 32.0% dil 
Height (cm) 172.0 + 3.6 720.222 
Weight (kg) 90.0 + 7.7 75.0 + 4.7 
Body surface area (m2) 2.1+0.1 1.9 + 0.1 
RF attempts 1.8 + 0.2 

RF lesions 65.0 + 15.2 

RF-OR time (days) 94 + 40 


OR = operating room; RF = radiofrequency. 


TABLE II Radiofrequency (RF) Ablation Effects on Heart 


Maximal RF No. of RF 
Pt. Power (W) 





Lesions Comment 





Right atrium unremarkable 


2 16 65 1 cm epicardial and endocardial injury 
immediately above AV groove 

3 12 37 Right atrial scarring 4 x 5 mm slightly 
to right of coronary sinus os 

4 30 120 Epicardial charring on left atrium; con- 
fluent scar with charring on left atrial 
endocardium and mitral annulus 

5 18 130 Endocardial scarring beneath os of coro- 
nary sinus; thickening at base of tri- 
cuspid leaflet 

6 15 66 Unremarkable right atrium and tricuspid 


valve 
7 0 Obliterated coronary sinus 2 cm from os 


AV = atrioventricular. 
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in 7 patients with prior attempted RF ablation, because 
in patient 6, accessory pathway conduction resumed 
shortly after the initial endocardial dissection was com- 
pleted. This patient underwent successful redissection 
before leaving the operating room. 

The operative exposure used for accessory pathway 
ablation reflected the distribution of accessory pathway 
locations. There were 6 right atrial and 2 transseptal 
exposures in patients with RF ablation. There were 7 left 
atrial, 1 transseptal and 2 right atrial exposures in pa- 
tients without RF ablation. Cardiopulmonary bypass 
and ischemic times were similar in both groups (mean 
bypass time: RF 117.0 + 9.9 and non-RF 124.0 + 10.4 
minutes; and ischemic time: RF 61.0 + 4.6 and non-RF 
71.0 + 8.2 minutes; p = not significant for all compari- 
sons). In 2 patients without RF ablation, additional pro- 
cedures were performed (aortic and mitral valve replace- 
ment in 1, and perinodal cryoablation for atrioventricu- 
lar nodal reentrant tachycardia in the other). However, if 
patients with additional procedures are eliminated from 
the analysis, there is no statistically significant differ- 
ence in mean cardiopulmonary bypass or total ischemic 
time. 

New York Heart Association functional classifica- 
tions before and after surgery were similar for both 
groups (mean pre-/postoperative class: RF 1.3 + 0.2/1.0 
+ 0 and non-RF 1.2 + 0.2/1.0 + 0; p = not significant). 
Complications after surgery included prolonged heart 
block that resolved in 1 patient with RF ablation, and 
delayed pericardial effusion needing surgical drainage in 
1 without RF ablation. There were no deaths. 

Comparisons of height, weight and body surface area 
for patients with and without RF ablation were per- 
formed, because accurate manipulation of catheters and 
fluoroscopic imaging may be more difficult in large or 
obese patients. Although a trend toward heavier patients 
with a larger body surface area was seen in patients with 
RF ablation, statistical significance was not achieved. 
There were similar degrees of cardiac chamber enlarge- 
ment and hypertrophy in both groups, and there was no 
significant difference between groups for functional sta- 
tus before and after surgery. 

We anticipated that tissue scarring and edema, as well 
as alteration of anatomic landmarks, could complicate or 
prolong surgical accessory pathway division after RF ab- 
lation, especially when approaching the pathway through 
an endocardial dissection. However, no significant differ- 
ences between groups were found for cardiopulmonary 
bypass and ischemic times. In RF patient 7, antecedent 
RF ablation presented a technical challenge. A prior ster- 
notomy for repair of a perforated coronary sinus made 
electrophysiologic study before surgery impossible, and 
adhesions from the previous operation prolonged the dis- 
section to expose the heart. 

The degree of RF-related tissue injury (including ede- 
ma, scar formation and valvular thickening) found at the 
time of surgery confirms that RF ablation at the energy 
levels used in these patients creates a relatively confined 
region of damage. More importantly, the tissue injury 
that occurred with large numbers of RF lesions at these 


energy levels did not result in obliteration of anatomic 
landmarks or perforation of the inner surface of the heart. 
The cardiac tissues were not especially friable during 
closure of the incision and were able to hold sutures 
without difficulty even though the endocardial incisions 
were centered over the region of greatest RF-related tis- 
sue injury. The fact that RF lesions were properly located 
implies that power levels slightly greater than 30 W may 
occasionally be necessary for pathway ablation; however 
the risk of causing important injury to valves, arteries or 
other cardiac tissue with greater RF energy should be 
weighed in the judgment regarding levels of energy and 
total numbers of lesions used in a patient. As of January 
13, 1992, a total of 204 pathways had been ablated at our 
institution in 195 patients without additional unsuccess- 
ful RF ablations. The maximal power level used in more 
recent cases was as high as 40 W, and to date no compli- 
cations attributable to RF lesions have been noted. 

Another observation made at the time of surgery was 
the absence of mural thrombus formation at the site of 
RF ablation. Mural thrombus formation after RF abla- 
tion with subsequent systemic embolization is considered 
a potential complication. However, to date there have 
been no reports documenting thromboembolism after RF 
ablation, and echocardiograms after ablation have not 
shown signs of mural thrombus formation.® Our observa- 
tions suggest that the incidence of mural thrombus for- 
mation after RF ablation at the energy levels used in 
these patients is very low. 

The distribution of pathways in the group with unsuc- 
cessful RF ablation suggests that most failures are related 
to the pyramidal geometry of the posterior septal space. 
This results in more uncertainty in mapping than there is 
for free wall pathways and may increase the distance 
from the catheter tip to the pathway. 

Modifications of standard endocardial dissection 
techniques to interrupt accessory pathway conduction 
were not needed, despite prior attempts at RF ablation. 
Intraoperative observations documented the visible cardi- 
ac effects of RF ablation performed at energy levels rang- 
ing from 8 to 30 W. 
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A Prototype Coronary Electrode Catheter for Intracoronary 


Electrogram Recording 


Lawrence T. Weston, MD, Robert W. Hull, MD, John R. Laird, MD, Yem Chin, 


and Dale C. Wortham, MD 


uccessful catheter ablation of accessory pathways is 

critically dependent on precise pathway localization. ! 
Rapid and precise pathway localization can also dramati- 
cally shorten procedure times. Mapping of left-sided ac- 
cessory pathways is facilitated by use of the coronary 
sinus which provides a stable conduit for catheter map- 
ping along the left atrioventricular groove. Mapping of 
right-sided accessory pathways is technically more diffi- 
cult and requires an appreciation of the radiographic 
anatomy of the right atrioventricular groove.” The right 
coronary artery courses through the right atrioventricular 
groove and can provide a means to record right-sided 
epicardial electrograms. 

Localization of right-sided accessory pathways using 
the right coronary artery was first reported in 1990 by 
Swartz et al.? In 1991 Lesh et all reported their experi- 
ence with this technique. In both of these investigations, a 
2.2Fr wire manufactured for pacing purposes was modi- 
fied to record unipolar electrograms. The initial experi- 
ence in a combined total of 10 patients suggested that this 
technique was safe and effective. The particular technolo- 
gy used in these cases, however, has several disadvan- 
tages. First, the recording wire is stiff and subjects pa- 
tients to the risks of intimal dissection, perforation or 
coronary artery spasm. Second, repeated mapping re- 
quires that the wire traverse the coronary artery each 
time. Finally, only unipolar electrogram recordings are 
possible. 

We have developed a coronary electrode catheter 
(CEC) for use in recording epicardial electrograms via 
the coronary artery tree (Figure 1). A standard 3-lumen 
4.5Fr coronary angioplasty catheter was modified (Bos- 
ton Scientific Corporation, Watertown, Massachusetts) 
by mounting tantalum ring electrodes to the catheter 
shaft and cold-soldering them to wire conductors located 
in the inflation and vent lumens. These conductors were 
then connected to pin electrodes for use with a recording 
system. This CEC permits mapping of the coronary ar- 
tery over 0.014- and 0.018-inch guidewires. It was be- 
lieved that this system would allow for safer manipula- 
tion within the coronary artery, facilitate repeated map- 
ping since the catheter tracks over a guidewire, and allow 
for both unipolar and bipolar electrogram recording. 

As an initial test of this system’s safety and efficacy 
we performed coronary arterial mapping during sinus 
rhythm and right ventricular pacing in 5 swine (protocol 
approved by the Department of Clinical Investigations). 
While under general anesthesia, the swine underwent 
cutdown and cannulation of the internal jugular vein and 
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carotid artery. After 10,000 U of heparin sulfate was 
administered intravenously, a quadripolar electrode 
catheter was advanced through a 6Fr internal jugular 
sheath to the right ventricular apex. Through an 8Fr 
arterial sheath, a standard 4Fr angioplasty guiding 
catheter was used for intubation of the coronary arterial 
ostia. After administration of 200 ug of intracoronary 
nitroglycerin and baseline angiography, a 0.014-inch 
floppy-tipped guidewire was advanced down a major 
epicardial coronary artery. The CEC was then advanced 
over the guidewire to the most distal segments of the 
vessel. While maintaining the distal guidewire position, 
the CEC was withdrawn in I cm increments. At each 
location, tracings from surface leads I and aVF and 
bipolar electrograms from the right ventricular apex and 
CEC were recorded during sinus rhythm and right ven- 
tricular pacing. Cine radiography was performed in 2 
orthogonal views at each site of electrogram recording. 
The mapping procedure lasted approximately 10 min- 
utes per artery. At the conclusion of the recording, angi- 
ography was repeated. This procedural sequence was 
repeated for each major epicardial vessel. At the end of 
the study the swine were killed and the hearts harvested 
for gross pathologic examination. 

Each major epicardial coronary artery (anterior de- 
scending, circumflex and right) and adequate-sized 
branches of these vessels (diagonals, marginals, posteri- 
or descending) were successfully cannulated in every ani- 
mal so that a total of 23 arterial segments were studied. 
Intimal disruption or dissection was not observed angio- 
graphically or on gross pathologic examination. One 
swine had diffuse right coronary artery spasm after 
catheter mapping, but angiography performed after a 
second dose of intracoronary nitroglycerin documented 
complete resolution of spasm. High-quality bipolar elec- 
trograms were recorded from all sites (Figure 2). Both 
atrial and ventricular electrograms were recorded from 
the right and left circumflex coronary arteries during 
sinus rhythm and ventricular pacing. 





FIGURE 1. Coronary electrode catheter. 
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recorded from the 


FIGURE 2. Intracoronary electrograms 
right coronary artery during sinus rhythm. CEC = coronary 
electrode catheter; RV = right ventricle. 


In this report we describe a newly developed CEC 
designed for intracoronary mapping of accessory path- 
ways. Intracoronary catheter manipulation over a guide- 
wire appears safe, and high-quality bipolar electrograms 
can be recorded. Since its initial development, the CEC 
has been further refined to include reduction to 2.7Fr. 
Further testing in a patient population is required but, if 
proved safe and effective, the CEC has obvious applica- 
tions to electrophysiologic studies. 
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Effects of Acute Exposure to Altitude (3,460 m) on Blood Pressure 
Response to Dynamic and Isometric Exercise in Men with Systemic 


Hypertension 
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he effects of the acute exposure to altitude on the 
cardiovascular system have been extensively stud- 
ed 1-3 In normal subjects, reports on blood pressure (BP) 
changes associated with initial exposure to altitude lack 
general agreement: some investigators have found a small 
increase,» others a small reduction” and others no 
change 211 Two articles have recently reported BP reac- 
tivity at altitude in patients with systemic arterial hyper- 
tension, showing that the exposure to an altitude between 
2,500 and 3,000 m induces a small increase in systolic 
BP or no change at all.!? Neither study investigated the 
BP response to exercise during acute exposure to altitude. 
The subject is of practical relevance since many uncom- 
plicated hypertensive subjects are discouraged from hik- 
ing or skiing at altitudes for fear that acute hypoxia may 
produce excessive hypertension. In this study we investi- 
gated the effects of an acute change in altitude of 2,090 m 
on BP and heart rate responsiveness to dynamic and 
isometric exercise in untreated hypertensive patients. 
Eleven men aged 31 to 69 years with mild and moder- 
ate essential hypertension who hiked regularly at mod- 
erate altitudes were selected among those referred to the 
Hypertension Clinic of the General Hospital of Aosta. 
None of these men lived at an altitude of >1,500 m. 
Exclusion criteria were severe hypertension (>200/115 
mm Hg while untreated), a history or electrocardio- 
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graphic abnormalities suggesting coronary artery dis- 
ease or a previous cerebrovascular accident, chronic lung 
disease and any metabolic or hematologic disorder. Six 
patients had a normal resting electrocardiogram, where- 
as 6 had left ventricular hypertrophy by voltage criteria. 
Ten were being treated with antihypertensive medica- 
tions which were withdrawn =2 weeks before the study 
was performed. 

The study was performed on 2 consecutive days, in 
Courmayeur, on the Italian side of Mont Blanc. Two 
comfortable rooms were prepared for the study, 1 at the 
lower station of the “Funivie del Monte Bianco” cable 
car, at 1,370 m (4,500 feet), and 1 at the upper station, at 
3,460 m (11,350 feet). The temperature of both rooms 
was kept between 20 and 24°C. On each study day, 6 
patients drove by car to the lower station of the cable car, 
where their baseline BP values were recorded and they 
were randomized to 1 of 2 alternative experimental se- 
quences: those randomized to sequence A performed 
their exercise tests first at 3,460 m and then at 1,370 m, 
while those randomized to sequence B first exercised at 
1,370 m and then at 3,460 m. 

All the exercise tests were performed between 9 A.M. 
and 1 P.M. 20 to 90 minutes after having reached the test 
altitude. During the tests, BP was measured by a cuff 
mercury sphygmomanometer placed on the nondomi- 
nant arm, and heart rate from the electrocardiogram. 
The patients first performed the isometric test by 
squeezing with their dominant arm a graduated digital 
dynamometer for 2 minutes at 50% of their maximal 
hand strength, which was measured at both altitudes. 
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Heart rate and BP were measured immediately before 
starting the test and during the last 10 seconds of the 
isometric exercise. Then, patients underwent a bicycle 
exercise test with an initial work load of 50 W and 
subsequent increments of 25 W every 2 minutes, up to 
150 W. Heart rate and BP were measured at rest and 
every minute both during the exercise and until the 10th 
minute of the recovery phase. A 12-lead electrocardio- 
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S = not significant. 
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TABLE I Heart Rate, Blood Pressure and Rate x Pressure Product During Bicycle Exercise 


1,370 Meters 


Heart rate (beats/min) 
Basal 72+15 73+ 16 NS 
Maximal 141+ 18 142 +18 NS 
Increment 67 +15 68 + 18 NS 
Intercept 83 + 10 83 +12 NS 
Slope (beats/min2) 6.1 + 1.6 6.1+1.4 NS 
Slope recovery (beats/min?) -14+4 -14+3 NS 
Diastolic blood pressure 
(mm Hg) 
Basal 101 +10 108 + 11 NS 
Systolic blood pressure 
Basal 154+ 18 166 + 15 0.03 
Maximal 207 + 23 223 + 24 0.04 
Increment 53 + 19 52 + 26 NS 
Intercept 159 + 20 172+ 18 0.006 
Slope (mm Hg/min2) 46+1.9 5+2 NS 
Slope recovery (mm Hg/min?) -16+7 -12+17 0.07 
Rate x pressure product 
(mm Hg x beats/min x 100) 
Basal 110 + 23 122 + 33 NS 
Maximal 293 + 57 312 + 59 NS 
Increment 182 + 46 185 + 64 NS 
Intercept 128 + 24 139 + 33 NS 
Slope (mm Hg x beats/min2) 17+5 17+5 NS 
Slope recovery (mm Hg/min?) -46 +15 -42 + 17 NS 


*The values of intercept, slope and slope recovery (slope during the recovery phase of the test) are those derived from 


15 20 25 30 
-5 e o o 





gram was recorded at rest, at the end of each exercise 
step, and at 2, 5 and 10 minutes during the recovery 
phase. Three electrocardiographic leads (V2, Vs and 
aVF) were continuously monitored throughout the test 
and the recovery phase. Baseline and peak exercise val- 
ues and BP and heart rate increments obtained during 
the handgrip test were compared by 1-way analysis of 
variance. The rate of increment of heart rate and systolic 












3,460 Meters p Value 






























FIGURE 1. Individual differences in resting 
systolic blood pressure (BP, horizontal axis) 
A BP and heart rate (HR, vertical axis) between al- 

titudes of 3,460 and 1,370 m. A positive val- 
mmHg ue means a higher blood pressure or heart 
rate value at 3,460 m. 
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BP during the bicycle exercise were obtained from the 
linear regression between time of exercise and the corre- 
sponding values of each parameter,'? and the intercepts 
and slopes were compared by Student's t test for paired 
data. The actual p value is reported when <0.05. Be- 
cause no sequence effect was observed, the data are re- 
ported by altitude level. 

The acute change in altitude induced a significant 
increase in systolic BP, whereas diastolic BP increased 
nonsignificantly (Table I). Mean heart rate did not 
change. Individual data are presented in Figure 1: only 3 
patients showed a consensual increase in BP and heart 
rate, whereas the remaining 8 patients had either a re- 
duction in both variables or opposite changes in either 
direction. No difference in maximal hand strength was 
observed between altitudes. The handgrip test induced a 
significant increase in systolic (p = 0.001) and diastolic 
(p = 0.003) BP and heart rate (p = 0.025) at both alti- 
tudes. However, the extent of these changes did not differ 
between altitudes (Figure 2). Whereas all patients were 
able to exercise for 10 minutes at 1,370 m, 1 man aged 69 
years old stopped after 8 minutes of exercise at 3,460 m 
because of physical exhaustion. In Table I, BP, heart 
rate and rate X pressure-product values during bicycle 
exercise and recovery phase are reported. Although rest- 
ing systolic BP was significantly higher at 3,460 m, the 
slope of BP increase was not modified by the acute 
change in altitude. During the first 3 minutes of recovery, 
systolic BP returned toward resting values slower at 
3,460 m than at 1,370 m (Figure 3). The percentage of 
age-predicted maximal heart rate attained by the pa- 
tients was 83 + 13 at 1,370 m and 84 + 13 at 3,460 m 
(p = not significant). Neither the exercise-induced in- 
crease in heart rate, the heart rate at the end of exercise, 
nor the slope of heart rate reduction during the recovery 
phase were modified by the change in altitude. With 
regard to individual data, 8 patients had higher maxi- 
mal systolic BP at 3,460 m, whereas 3 had higher values 
at 1,360 m (Figure 4). When the individual between- 
altitude differences in maximal systolic BP during bicy- 
cle exercise are plotted against those measured during 
the handgrip test, 6 patients had higher values at 3,460 





HR 
(beats/min) 





FIGURE 2. Mean + SD increments in systolic blood pressure 
(SBP), diastolic blood pressure (DBP) and heart rate (HR) dur- 
ing the handgrip test. N.S. = not significant. 


m during both tests, whereas the remaining 5 had a 
different response to altitude according to the type of test 
(Figure 4). No patient had electrocardiographic signs of 
exercise-induced myocardial ischemia or ventricular ar- 
rhythmias at either altitude. 

The data of this study are to be compared with those 
of studies investigating BP changes during the first hours 
of exposure to altitude, since cardiovascular adaptation 
occurs after a more prolonged sojourn at high alti- 
tudes.2!° In normal subjects, acute exposure to an alti- 
tude of 2,000 to 4,000 m appears to have little effect on 
resting BP and heart rate”?~!2!4: Only Hannon and Sud- 
man? found an increase of 16 mm Hg (from 98 to 115) in 


3460 meters 
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systolic and 10 mm Hg (from 63 to 73) in diastolic BP, 
and of 25 beats/min in heart rate in 8 women after 12 
hours of exposure to 4,300 m. Reports of BP measure- 
ments in normotensive subjects during exercise after 
acute exposure to altitude are rare: Balke! showed an 
increase of 5 to 10 mm Hg in systolic and a decrease of 
about 5 mm Hg in diastolic BP in 6 subjects during 
bicycle exercise at a simulated altitude of 4,200 m com- 
pared with sea level. Stenberg et al® showed a significant 
reduction in mean BP in 6 subjects at a simulated altitude 
of 4,000 m. D’Este et al!? performed a submaximal test in 
10 normotensive subjects after acute exposure to 2,500 m 
and found no difference in BP, compared with results of a 
test performed 20 days earlier at sea level. Palatini et al!5 
found a significant increase in resting but not in maximal 
systolic BP in 3 endurance athletes undergoing a pro- 
longed submaximal bicycle test 12 hours after exposure 
to 3,322 m. Only 2 altitude studies on hypertensive pa- 
tients have been reported to our knowledge,®:!2 both with 
noninvasive BP monitoring, and 1 with a bicycle exercise 
test performed 1 to 4 hours after exposure to 2,500 m and 
20 days after a similar exercise test at sea level. In the first 
of these studies, a 10 mm Hg increase in systolic BP at 
rest was seen in both hypertensive patients and a normo- 
tensive control group, whereas diastolic BP was un- 
changed.° In the second study, BP was unchanged at rest, 
whereas systolic BP during exercise was significantly in- 
creased at submaximal but not at maximal levels.!? These 
data compare well with our findings of a small increase in 
systolic BP at rest but without significant changes during 
exercise. We are not aware of any published reports on 
the pressor response during isometric exercise at high 
altitudes. The findings of the present study in hyperten- 
sive subjects confirm those of our previous observations 
on normotensive subjects!* showing that BP and heart 
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FIGURE 4. Individual differences between 
altitudes of 3,460 and 1,370 m in maxi- 
mal systolic blood pressures recorded dur- 


Bicycle | İng bicycle exercise (horizontal axis) and 

mmHg handgrip (vertical axis) tests. A positive 
value means a higher systolic blood pres- 
sure value at 3,460 m. 


rate changes during the handgrip test are not influenced 
by acute exposure to altitudes. With regard to the mecha- 
nism of the acute cardiovascular response to altitude 
(which was not the aim of our study), it is remarkable 
that only 2 of our patients had a simultaneous increase in 
resting BP and heart rate at moderate altitude, and that 
patients with the greatest increases in BP had no change 
in heart rate. This finding may be in line with the concept 
of a sympathetic activation combined with a reduced 
sensitivity of 8|-adrenergic receptors during acute hypox- 
ia.!6 Our data may be of practical importance in advising 
hypertensive patients about the practice of physical activ- 
ity at moderate altitudes, and exclude the possibility of a 
significant hypertensive effect from acute exposure to 
altitudes. However, a marked individual variability ap- 
pears to exist in response to altitude®!®!2; in our untreat- 
ed hypertensive subjects, we observed individual differ- 
ences between 1,370 and 3,460 m, ranging from —20 to 
+25 mm Hg in resting systolic BP and from —25 to +40 
mm Hg in maximal systolic BP during bicycle exercise. 
Thus, the possibility that BP levels in individual untreated 
hypertensive subjects exercising at moderate to high alti- 
tudes BP can be dangerously high cannot be excluded. 
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Spontaneous Echocardiographic Contrast with the Carbomedics 


Mitral Valve Prosthesis 


Shimon A. Reisner, MD, Diana Rinkevich, MD, Walter Markiewicz, MD, Zvi Adler, MD, 


and Simcha Milo, MD 


GS portance echocardiographic contrast is a well- 
known, although poorly understood, phenomenon 
that has been occasionally noticed in patients with low 
flow states such as the echoes seen in the left atrium in 
patients with mitral valve disease,! in the left ventricle in 
severe left ventricular systolic dysfunction? or in the infe- 
rior vena cava of patients with constrictive pericarditis.’ 
There are rare reports on spontaneous contrast in patients 
with mechanical prosthetic mitral valves.*° Compared 
with the more common “smoke-like” contrast observed in 
low flow states, spontaneous echoes in patients with me- 
chanical mitral prosthetic valves are bright and high ve- 
locity but scanty. 

Between January and December of 1990, 17 patients 
(7 females and 6 males, aged 9 to 71 years) had mitral 
valve replacement at the Rambam Medical Center using 
the Carbomedics bileaflet mechanical prosthetic valve. 
Postoperative echocardiographic study was available in 
13 of the 17 patients (76%). Seven consecutive patients 
who had mitral valve replacement using the Sorin pros- 
thesis (Sorin Biomedica, Saluggia, Italy) were used as a 
control group: 5 female and 2 male patients aged 28 to 
50 years. All patients were ambulatory and treated with 
oral anticoagulant medications; none were treated intra- 
venously at the time the echocardiographic study was 
performed. No patient had clinical congestive heart fail- 
ure or was in a low output state. None had clear evidence 
of prosthesis dysfunction. 

Two-dimensional and pulsed-Doppler echocardio- 
graphic images were acquired using a Hewlett-Packard 
77020A ultrasound imager equipped with a 2.5 MHz 
phased-array transducer. Continuous-wave Doppler was 
obtained with a 1.9 MHz nonimaging transducer. Stan- 
dard 2-dimensional, M-mode and Doppler echocardio- 
graphic recordings were obtained in the parasternal, api- 
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cal and subcostal views and recorded on a 1⁄2 inch video- 
tape with VHS format. 

Spontaneous contrast was defined as intense mobile 
echoes moving in the left ventricular cavity and noticed 
during multiple cardiac cycles. The intensity of sponta- 
neous contrast was divided into 3 groups: (1) no sponta- 
neous echoes detected, (2) mild contrast — defined as 
definite but sparse echoes, and (3) intense spontaneous 
contrast — defined as numerous echoes seen in the left 
ventricular cavity. Analysis of recorded videotapes for 
detecting and grading spontaneous contrast was per- 
formed by 2 independent observers unaware of clinical 
data. 

Echocardiographic measurements were performed 
according to the American Society of Echocardiography 
recommendations.’ Ejection fraction was calculated 
from the 4-chamber view using the area-length method’ 
and the software package on the Hewlett-Packard ultra- 
sound machine. The ejection fraction was averaged from 
2 measurements in patients with normal sinus rhythm 
and from 5 cardiac cycles in patients with atrial fibrilla- 
tion. The extent of the systolic jet into the left atrium was 
evaluated to assess mitral regurgitation.’ Pressure gra- 
dients were calculated from velocities using the modified 
Bernoulli equation.!° Mitral valve area was measured 
using the pressure halftime method.!! Pulmonary pres- 
sure was calculated whenever tricuspid regurgitation 
was recorded by adding the systolic transtricuspid pres- 
sure gradient to the proximate right atrial pressure.!? 

Hemodynamic and echocardiographic data of pa- 
tients with the Carbomedics prosthesis were compared 
with data of patients with the Sorin prosthesis using the 
Student’s t test for unpaired data or the chi-square test. 
Data of patients with the Carbomedics valve with and 
without spontaneous contrast were compared using the 
Student’s t test for unpaired data or the chi-square test. 
Statistical significance was assumed at p 30.05. 

Demographic, clinical and echocardiographic data of 
all patients are summarized in Table I. Calculation of 
the ejection fraction was impossible in 2 patients because 
of a poor visualization of left ventricular endocardial 
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Carbomedics and Sorin Prosthetic Valves 






Age (yr) 


Pt. & Sex Size Time Rhythm 


SSP 27 1 ` Nep 0 
2a: SHIE SEA AF 0 
Se Ae wies AF + 
ALT ABM 7 51 10 INSR 0 
BC AE oa. 27" 5.6 AF + 
6 43M 31 5 NSR 0 
7 66M 33 1 NSR 0 
G2 SIF 9 7 AF 0 
reg ebe AF + 
7 2 0 

9 0 

2 0 

4 + 






See text for grading of spontaneous contrast intensity. 


(cm2); 
echocardiography (months). 


TABLE II Clinical and Echocardiographic Data of Patients with 
the Carbomedics and Sorin Prostheses 


Carbomedics 


TABLE I Demographic, Clinical and Echocardiographic Characteristics of Patients with the 
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AF = atrial fibrillation; AVR = aortic valve replacement; Cont. 
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TABLE IlI Clinical and Echocardiographic Data of Patients 
with the Carbomedics Prosthesis With and Without 
Spontaneous Contrast 


Age (year) 
Time from surgery to 

echo (mos) 
Prosthesis size (mm) 
Left atrial size (mm) 
Left ventricular size (mm) 
Ejection fraction (%) 
Mean gradient (mm Hg) 
Prosthesis area (cm2) 
Systolic pulmonary pressure 


(n = 13) 


48+ 16 
6.4 + 4.2 


29.6 + 2.1 
OL 2 £11 
54.8 + 10.4 
47.8+ 12.1 
3.6+1.3 
2.7.+ 0:6 
27.0+ 4.8 


39 + 8t 
2 +2" 


29.0 + 1.2t 
46.4 + 8.7t 
48.0 + 6.1t 
56.0 + 3.3t 
36 is Tt 
2.4+ 0.3t 
32.5 + 16.2t 


Age (year) 

Time from surgery to echo (mos) 
Prosthesis size (mm) 

Left atrial size (mm) 

Left ventricular size (mm) 
Ejection fraction (%) 

Mean gradient (mm Hg) 
Prosthesis area (cm2) 


With 
Contrast 
(n = 9) 


48 +13 
6.2+43 
29.8 + 2.0 
51.8 + 12.6 
95.8 + 11:3 
48.0 + 12.5 
4.0+1.1 
2.7 + 0.5 


Without 
Contrast 
(n = 4) 


47 + 14* 
6.8 + 4.6* 
29.0 + 2.3* 
49.7 + 8.8* 
54.0 + 9.1* 
47.0 + 14.1* 
4:3 S02" 
2.7 + 0.8* 


(mm Hg) 
Atrial fibrillation (%) 
Mitral regurgitation 
No (%) 
Mild (%) 
Spontaneous contrast 
No (%) 
Mild (%) 
intense (%) 
*p <0.05. 


tDifference not significant by unpaired Student's t test. 
Difference not significant by chi-square test. 


8/13 (60) 5/7 (70) 


9/13 (70) 
4/13 (30) 


5/7 (70) 
2/7 (30) 


4/13 (30) 
4/13 (30) 
5/13 (40) 


7/7 (100) 
0/7 (0) 
0/7 (0) 


borders. There was no statistically significant difference 
between patients with the Carbomedics and patients with 
the Sorin prostheses regarding age, echocardiographic 
measurements, size and function of the prosthetic valve, 
prevalence of combined mitral and aortic valve replace- 
ment, or the existence of atrial fibrillation (Table II). 
The time from surgery to the echocardiographic study 
was shorter in the Sorin group. 
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Atrial fibrillation (%) 
Mitral regurgitation (%) 
0 


6/9 3/4t 


6/9 
+ 3/9 


*Difference not significant by unpaired Student's t test. 
tDifference not significant by chi-square test. 


3/4t 
1/4t 





Looking at same parameters in the group with the 
Carbomedics prosthesis, we noted no statistically signif- 
icant difference between patients with and without spon- 
taneous contrast (Table III). 

No spontaneous contrast was observed in any of the 7 
patients with the Sorin valve. In 9 of 13 patients with the 
Carbomedics valve (70%) definite spontaneous contrast 
was observed by 2 independent observers. In 5 of these 9 
patients the contrast was intense. In all 9 patients spon- 
taneous contrast was found on 2-dimensional echocardi- 
ography performed from the apical window using the 4- 
or 2-chamber view (Figure 1). Spontaneous contrast was 
noticed immediately after the valve was opened, and 
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individual echoes could be followed by a frame-by- 
frame analysis from the valve level almost to the apex of 
the ventricle. Some echoes could be seen directed to the 
left ventricular outflow tract during late diastole. No 
systolic echoes were observed. 

M-mode echocardiography facilitated the evaluation 
of the exact timing of the echoes and emphasized their 
high velocity (Figure 2). 

Two types of spontaneous contrast may exist®: (1) 
smoke-like spontaneous contrast, typical for low output 
states.!-3 (This type of contrast is believed to result from 
red blood cell aggregation!3); and (2) bright and high 
velocity spontaneous contrast, which has been sporadical- 
ly reported in patients with mitral prostheses. (This is 
probably caused by any kind of microparticles or micro- 
bubbles.) Schuchman et al4 proposed that the contrast he 
observed resulted from echogenic particles, like platelets 
or particles from the cloth covering of the Starr-Edwards 
valve. Preis et al> found that patients with the Beall 
prosthetic valve who demonstrated a spontaneous con- 
trast had a significant increase in serum lactic dehydroge- 
nase levels, and therefore he suggested that microcavita- 
tions and the release of gases from hemolyzing red blood 
cells are the origin of the phenomenon. In vitro studies 
indicate that spontaneous contrast may result from mi- 
crobubbles of gas generated in the blood as a result of 
high flow and turbulence causing stable cavitation. 

Taylor and Chan® noticed systolic left atrial sponta- 
neous contrast in several types of normally functioning 
mechanical mitral prostheses. In this study a transesoph- 
ageal echocardiographic 5 MHz high-resolution trans- 
ducer was used. Sigel et all 3 detected spontaneous con- 
trast by a 7.5 MHz transducer but not with a lower 
frequency 3.5 MHz transducer. In intraoperative studies 





FIGURE 2. M-mode echocardiographic image recorded from 
the apical window in the same patient as in Figure 1. High-ve- 
locity bright intracavitary echoes are seen clearly emerging 
through, or from, the valve during every diastole (arrows). 


using an epicardial high-frequency 5 MHz transducer it 
is common to notice spontaneous contrast before passing 
on the heart lung machine. This may result from normal 
red blood cells causing scatter of ultrasound waves. Theo- 
retically, as newer echo machines with higher sensitivity 
and higher frequency transducers are used, the visualiza- 
tion of spontaneous contrast could become a common and 
normal phenomenon. 

Smoke-like spontaneous contrast is an indicator for an 
increased thromboembolic risk.! The clinical significance 
of spontaneous contrast in patients with prosthetic mitral 
valves is not clear. The particles causing these echoes are 
probably too small to cause clinically recognized emboli, 
but the long-term effect associated with their presence is 
unclear. It is also uncertain whether spontaneous contrast 
indicates prosthesis dysfunction. 

The available information is insufficient and based on 
an M-mode echocardiographic study from 197 54 and 2 
abstracts.-»© Compared with the bileaflet new Carbo- 
medics valve used in our patients, the prosthetic valves 
involved in the aforementioned studies were the older 
generation valves with poorer hemodynamics that are no 
longer in use in most centers. 

We observed spontaneous contrast in most patients 
who received the Carbomedics bileaflet mechanical pros- 
thesis in the mitral position by a routine transthoracic 
echocardiography using a 2.5 MHz transducer. We did 
not observe this phenomenon in other mechanical mitral 
prostheses that we use. We therefore conclude that this 
phenomenon is related to the Carbomedics prosthetic 
valve itself, although the mechanism for its production 
and the clinical significance are unknown. 
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Frequency of Left Atrial Thrombi by Transesophageal 
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Cardiomyopathy 
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ŞS ystemic emboli occur in dilated cardiomyopathy 
(DC) at an annual rate of about 4%.! Left ventricular 
thrombus is often considered the source for embolic 
events in DC.? A relation between left ventricular throm- 
bi and rate of embolic events, however, has not been 
found in a recent study.> Left atrial thrombi may consti- 
tute an alternative source for systemic embolism in DC.4 

We examined 80 consecutive patients with DC (46 
men and 34 women, mean age 61 + 8 years) by transtho- 
racic (TTE) and transesophageal (TEE) echocardiogra- 
phy between May 1990 and December 1991. DC was 
diagnosed on the basis of clinical and TTE findings, and 
was of unknown etiology in 42 patients (52.5%) and 
ischemic in 38 (47.5%). Systemic embolism had previ- 
ously occurred in 12 patients (15%) (in peripheral arter- 
ies in 5, in central nervous system in 5, and in kidneys in 
2), as revealed by history and clinical findings (including 
computed tomography scans). In 8 of these 12 patients, 
the episode of embolism was recent (<3 months before 
the study). At the moment of the study, 4 patients (2%), 
all with atrial fibrillation, were receiving chronic oral 
anticoagulant therapy. Of these 4 patients, 3 had had a 
previous embolism. Reasons for nonutilization of antico- 
agulants in the remaining 8 patients were undetermined. 
Thirteen patients (16%) (4 with previous embolism) 
were receiving treatment with antiplatelet agents. New 
York Heart Association classification was class II in 53 
patients (66%) and class III or IV in 27 (34%). Atrial 
fibrillation was present in 22 patients (27.5%) and nor- 
mal sinus rhythm in 58 (72.5%). The status of atrial 
fibrillation was chronic in 18 patients and unknown in 4. 
No patient complained of recent episodes of palpitation. 

We performed TTE and TEE studies with an Aloka 
SDS 870 system, using a 2.5 or 3.5 MHz probe for TTE, 
and a biplane 5 MHz probe for TEE. Left ventricular 
thrombi, left ventricular end-diastolic internal dimen- 
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sion and ejection fraction, left atrial area and mitral 
regurgitation grade (4-point scale by color Doppler 
mapping of the regurgitant jet area into the left atrium) 
were assessed by TTE. Also the Herzog’s projection’ was 
used to detect atrial thrombus by TTE. The standard 
technique was used for TEE, being careful to image the 
left atrial appendage in every patient. Left atrial throm- 
bus was diagnosed by the presence of a clearly defined 
echo-dense mass, acoustically distinct from endocardi- 
um and left atrial appendage pectinate muscles. Biplane 
imaging of the left ventricle was performed in every 
patient to detect left ventricular thrombus. Gain settings 
were regulated in order to image left atrial spontaneous 
echo contrast.’ 

Statistical analysis was performed using the chi- 
square or Fisher's exact test, when appropriate. A p 
value of <0.05 was considered statistically significant. 

Left ventricular thrombi at TTE or TEE, or both, 
and left atrial thrombi at TEE were found in 14 (17.5%) 
and 18 (22.5%) patients, respectively (p = not signifi- 
cant). Left ventricular thrombi by TTE were confirmed 
by TEE in every patient. No patient had left ventricular 
thrombus only at TEE. All left ventricular thrombi were 
flat. A left atrial body thrombus was never found. Both 
left ventricular and atrial thrombi were present in 4 
patients. Of the 4 patients taking anticoagulation thera- 
py at the time of the study, 2 had atrial thrombus and 
none had left ventricular thrombus. No thrombus (ven- 
tricular or atrial) was found in 52 patients (65%). In 
patients with embolism (Table I), a thrombus was more 


TABLE | Left Ventricular and Atrial Thrombi in Patients With 
and Without Embolism 


No Embolism 
(n = 68) 


51 (75%) 
Left atrium* 10 (83%) 8 (12%) <0.001 
Left ventricle 3 (25%) 11 (16%) NS 

*Two patients with embolism and 2 without embolism had either left ventricular or 


atrial thrombus. 
NS = not significant. 


Embolism 
(n = 12) 


1 (8%) 


Thrombus 


p Value 


None <0.001 
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frequently found at the atrial than at the left ventricular 
level (83 vs 25%; p = 0.014). An atrial thrombus was 
seen more often in patients with than without embolism 
(83 vs 12%; p <0.001), whereas left ventricular throm- 
bus had a similar prevalence in the 2 groups. Table II 
lists the clinical and echo-Doppler findings in patients 
with and without atrial thrombus. Of 18 patients with 
atrial thrombus, 10 (56%) had experienced embolism 
versus only 2 of the 62 (3%) without atrial thrombus (p 
<0.001). Patients with atrial thrombus more often had 
atrial fibrillation and tended to be more frequently in 
New York Heart Association class III to IV than those 
without atrial thrombus. All echo-Doppler parameters 
were similar in the 2 groups. Mitral regurgitation tended 
to be occur more frequently in patients without atrial 
thrombus. Left atrial stasis, as indicated by spontaneous 
echo-contrast, was frequently associated with atrial 
thrombosis. 

Our data show that an atrial thrombus is a frequent 
finding in patients with DC who have had an embolism, 
compared with the lower frequency of left ventricular 
thrombus. In our DC patients without previous embo- 
lism, both left ventricular and atrial thrombi were found 
less often. Evidence of atrial thrombosis at TEE was 
higher in patients with atrial fibrillation; however, it was 
not predicted by age, by New York Heart Association 
class, or by TTE parameters (left ventricular size and 
ejection fraction, left atrial area). An atrial thrombus was 
seen less frequently in patients with mitral regurgitation, 
but this result was not statistically significant. Some limi- 
tations of our study should be considered. First, the study 
was retrospective and had no clinical follow-up. Only 
prospective studies will clarify the relation between atrial 
thrombosis and risk of embolism in DC. Second, multi- 
variate analysis of factors, which may be independently 
related to the presence of atrial thrombus (such as severe 
left ventricular dysfunction) was not performed because 
of the relatively small population size. Furthermore, TTE 
may not be sensitive in detecting flat left ventricular 
thrombi not acoustically distinct from underlying endo- 
cardium. However, as a confirmation of TTE findings, 
we also used biplane TEE. In our patients, prevalence of 
left ventricular thrombosis was lower than that found in 
some previous studies on DC.!7 However, 36% of our 
patients had >1+ mitral regurgitation, a condition that 
may protect from left ventricular thrombus formation.” 
Moreover, left ventricular ejection fraction, which may 
have an inverse relation with left ventricular thrombus, 
was slightly greater in our group (32%) than in patients 
studied by Gottdiener! and Blondheim” and their co- 
workers. 

Gottdiener! and Ciaccheri? and their associates have 
found that in DC, clinical events compatible with system- 
ic embolism do not occur more often in patients with than 













TABLE H Clinical and Echo-Doppler Data in Patients With and 
Without Atrial Thrombus 


Absent 
(n = 62) 


Present 


Atrial Thrombus (n = 18) p Value 











Age (year) 63+7 59210 NS 
New York Heart Association class Ill- 10 (56%) 17 (27%) +=0.053 
IV 


Atrial fibrillation 10 (56%) 12(19%) =0.006 


Left ventricular end-diastolic dimen- 66+4 65+4 NS 
sion (mm) 

Left ventricular ejection fraction (%) 3244 .32+5 NS 

Mitral regurgitation > 1+ 4 (22%) 25 (40%) NS 

Left atrial area (cm?) 22+5 21+4 NS 

Left atrial spontaneous echo-contrast 12 (67%) 8 (13%) <0.001 









NS = not significant. 


without left ventricular thrombi. According to Ciaccheri 
et al? anticoagulant treatment may not be needed by 
every patient with DC but should be given only to patients 
with severe heart failure, previous embolism and intra- 
ventricular thrombosis. However, our data suggest that 
atrial thrombosis may be responsible for embolism in 
many patients with DC. Not only atrial thrombosis, but 
also left atrial stasis, which is a marker of previous embo- 
lism and may predict further embolism,* is associated 
with atrial fibrillation because of abnormalities in left 
atrial and left atrial appendage functions.’ This was con- 
firmed by our own data, which indicate that TEE is 
necessary for thorough evaluation of the risk of embolism 
in DC, and may suggest a need for anticoagulation thera- 
py in all patients with DC in atrial fibrillation. 
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Plasma Levels of Atrial Natriuretic Peptide in Hypertrophic 


Cardiomyopathy 


Giorgio Derchi, MD, Pietro Bellone, MD, Franco Chiarella, MD, Matilde Randazzo, BS, Vera Zino, BS, 


and Carlo Vecchio, MD 


T he most typical physiopathologic abnormality in hy- 
pertrophic cardiomyopathy (HC) is diastolic dys- 
function, characterized by abnormal stiffness of the left 
ventricle during diastole, with resultant impaired ventric- 
ular filling. This abnormality in diastolic relaxation re- 
sults in elevation of left ventricular end-diastolic pressure. 
Impaired early diastolic filling as well as abnormal dis- 
tensibility leads to a compensatory increase in the contri- 
bution of atrial systole to left ventricular filling.! Atrial 
natriuretic peptide (ANP) is a cardiac polypeptide exert- 
ing potent diuretic, natriuretic and vasodilatory activities, 
and is produced and secreted predominantly by the atria 
in response to volume or pressure overload.23 The mecha- 
nism of ANP release has been attributed to increases in 
either atrial pressures or atrial distension 33 Plasma ANP 
levels are increased in patients with congestive heart fail- 
ure and correlate well with left ventricular end-diastolic 
pressure and atrial pressure in patients with this dis- 
ease DJ Experimental data provide evidence of ventricular 
activation of the ANP gene in ventricular overload. A 
recent report® indicated that ventricular ANP expression 
occurs as a response to disease-specific changes such as 
myocardial fiber disarray, hypertrophy of myocytes and 
fibrosis in HC.8 Plasma ANP levels have not yet been 
investigated and related to the clinical status in HC. The 
purpose of this study was to verify whether an increase in 
plasma ANP levels in patients with HC exists and to 
establish a possible correlation between ANP levels and 
clinical anatomic status of patients with HC. 

The study group consisted of 30 patients (21 men, 9 
women aged 13 to 74 years, mean 43 + 18) with HC in 
ambulatory follow-up at the Cardiology Division, E.O. 
Ospedali Galliera, Genoa, Italy. Thirteen patients were 
receiving antiarrhythmic drugs. The control group con- 
sisted of 50 normal subjects (30 men, 20 women aged 8 
to 70 years, mean 42 + 19). All normal subjects had a 
normal rest electrocardiogram, chest x-rays, ventricular 
diameters and wall motion by 2-dimensional echocardi- 
ography. Each patient was classified according to the 
criteria of New York Heart Association functional class. 
Of the 30 patients with HC, 20 were designated New 
York Heart Association class I, 5 were class II, 4 were 
class III and 1 was class IV. Body surface area ranged 
from 1.3 to 2.05 m?. 

After echocardiographic examination (30 minutes in 
the supine position), blood samples were collected and 
analyzed for ANP concentration. Blood was drawn from 
all patients in the morning via an antecubital vein, after 
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30 minutes in the supine position and after an overnight 
fast. Blood samples were collected in pre-chilled test 
tubes containing ethylenediaminetetraacetic acid-2Na 
and 500 kIU of aprotine. Plasma isolated by low-tem- 
perature centrifugation was stored at —70°C and ANP 
levels were later determined by a commercially available 
kit from Eiken Chemical Co., Tokyo, Japan. Reference 
values in our laboratory are: 50 + 12 pg/ml (range 20 
to 77). 

Values are expressed as mean + SD. Differences 
between means were compared using unpaired Student’s 
t test. Upper and lower 95% normal confidence limits for 
the echocardiographic data were calculated from a 2- 
tailed Student's t test distribution by using the following 
formulas: mean + (2.042 X SD) and mean — (2.042 X 
SD). Regression analysis was applied to examine the 
relation between 2 variables as appropriate. A p value 
<0.05 was considered significant. 

Echocardiographic data revealed significantly hy- 
pertrophic ventricles and increased atrial dimension in 
patients with HC compared with normal subjects. Table 
I summarizes the echocardiographic data for all pa- 
tients. No differences occurred in left ventricular internal 
diameters. Left ventricular outflow tract obtruction was 
present in 11 of the 30 patients with HC (mild in 4, severe 
in 7). Mild mitral regurgitation was present in 10 of the 
30 patients with HC. New York Heart Association class 
ranged from I to IV with a median value in class I. Mean 
plasma ANP concentration of the group of patients with 
HC was significantly higher than that of the control 
group (101 + 88 vs 53 + 18 pg/ml; p <0.001). Mean 
plasma ANP concentration in patients with HC was 
77 + 78 pg/ml (range 20 to 310) for New York Heart 
Association class I, 115 + 106 pg/ml (range 20 to 267) 
for New York Heart Association class II, 156 + 33 pg/ml 
(range 116 to 204) for New York Heart Association class 
IIT; only 1 patient was in New York Heart Association 
class IV (317 pg/ml) (Figure 1). Among patients in New 


TABLE I Echocardiographic Indexes in 30 Patients with 
Hypertrophic Cardiomyopathy and in 18 Normal Control 
Subjects 


95% 
Confidence 
Limits 
35-60 
27-54 

8-28 
4—16 
21—41 


Control p 
Subjects Value 


46 +5 NS 

33+6 01001 
8+1 #£40.001 
ore. 0:05 

29+4 NS 


Patients 
with HCM 


Echocardiographic 
Measurements 


LVIDd (mm) 

LA (mm) 
VS thickness (mm) 
PW thickness (mm) 
LVISd (mm) 

HCM = hypertrophic cardiomyopathy; LA = left atrium; LVIDd = left ventricular 


internal diastolic diameter; LVISd = left ventricular internal systolic diameter; NS = not 
significant; PW = posterior wall; VS = ventricular septum. 
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York Heart Association class I (n = 20), ANP values 
exceeding the maximal value for control subjects were 
present in 3 patients; conversely the mean ANP values in 
the remaining 17 patients were not different from values 
in normal subjects (51 + 31 vs 53 + 18 pg/ml; p = not 
significant). All patients in New York Heart Association 
III to IV had increased ANP values (188 + 71 pg/ml) 
(range 116 to 317). Left atrial cavity enlargement (body 
surface area >20 mm/m?) was present in all patients in 
New York Heart Association class III to IV and in 9 of 
24 patients in New York Heart Association class I to II 
(26%). Figure 1 shows the relation between the degree of 
left atrial cavity enlargement and plasma ANP levels 
(r = 0.64, p <0.001). No correlation was found between 
New York Heart Association class, left atrial enlarge- 
ment and mitral regurgitation. Patients with mitral re- 
gurgitation had higher ANP levels than patients with 
HC without mitral regurgitation (146 + 102 vs 78 + 72 
pg/ml; p <0.04). Figure 2 shows the relation between 
New York Heart Association functional class, interven- 


ANP (pg/ml) 
350 


300 


250 


tricular septum thickness and ANP plasma levels (r = 
0.43 and r = 0.41, respectively, p <0.05). No significant 
correlations were found between end-diastolic, end-sys- 
tolic ventricular diameters, posterior wall thickness, 
right atrial dimension, age, presence of left ventricular 
outflow obstruction, mitral regurgitation and plasma 
levels of ANP. 

Our results show that plasma levels of ANP are in- 
creased in many patients with HC, and ANP levels are 
markedly elevated in patients with higher functional 
class, atriomegaly, and more relevant thickness of ven- 
tricular septum. Diastolic dysfunction is present in most 
patients in the early stage of the disease, resulting in 
higher filling pressures and an increase in atrial systole 
contribution to left ventricular filling.! ANP is a cardiac 
peptide with diuretic, natriuretic and vasodilatory activi- 
ties, and it plays an important role in the regulation of 
blood pressure and body fluid volume. Under physio- 
logic circumstances in the mammalian heart, cardiac syn- 
thesis of ANP occurs almost exclusively in the atria. The 
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FIGURE 2. Correlations between atrial natriuretic peptide (ANP) levels and ventricular septum thickness. NYHA = New York 


Heart Association class. 
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mechanism of ANP release has been attributed to either 
increases in atrial pressure or atrial distension.45 Recent- 
ly, there was evidence that the ventricular ANP gene 
expression occurs triggered by physical overstretch of the 
ventricular wall, thereby contributing to the control of 
blood volume and blood pressure.?:!° In these studies, 
there was also cardiac hypertrophy in the ventricles in 
which ANP was present. In a recent report, Takemura 
et al® showed that, in a selected population of hyperten- 
sive patients and patients with HC, ventricular ANP 
gene expression occurs as a response to disease-specific 
changes: myocardial fiber disarray, hypertrophy of myo- 
cytes and fibrosis rather than an adaptative response in 
HC. Higher ANP plasma values occurred in patients 
with HC and ANP gene expression in the ventricle than 
in those without ANP expression. In our population there 
was a Close relation between left atrium cavity dimension 
and plasma ANP levels, suggesting an atrial contribution 
to the release of peptide in HC. Release of ANP in pa- 
tients with HC is independent of ventricular chamber 
dilation, whereas atrial stretch may be an important stim- 
ulus as well as ventricular hypertrophy and increased 
filling pressures. The results of the present study demon- 
strate that ANP levels are altered in patients with HC 
and functional impairment. Our findings show that ven- 
tricular hypertrophy may play a role in this neurohumor- 


al activation and suggest the importance of plasma 
ANP concentration in clinical evaluation of the patients 
with HC. 
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CASE REPORTS 


Supravalvular Aortic Stenosis After 
Replacement of the Ascending Aorta 


Isidre Vilacosta, MD, Asunción Camino, MD, José Alberto San Roman, 
MD, Maria Jesús Rollan, MD, Ramiro de la Llana, MD, Manuel Gil, MD, 


and Luis Sánchez Harguindey, MD 


he composite graft technique for 
replacement of the ascending 
aorta in patients with aortic dissec- 
tion or ascending aortic aneurysm 
has become widely accepted.' Pseu- 
doaneurysm formation secondary to 
dehiscence of the suture line at the 
coronary anastomosis and proximal 
or distal graft anastomosis can occur. 
This potentially lethal complication 
has been reported to occur in 7 to 
25% of patients with composite grafts 
and requires early detection and 
management.” We describe a patient 
in whom a huge anfractuous and par- 
tially thrombosed pseudoaneurysm 
around an ascending aortic Dacron® 
graft resulted in external compres- 
sion and severe obstruction of the 
graft with congestive heart failure. 
Successful surgical correction was 
performed. Different imaging tech- 
niques for the diagnosis of pseudoan- 
eurysm were used. The few reported 
cases are revised. 
A 56-year-old man was referred 
to our hospital for evaluation of a 
systolic precordial murmur and con- 
gestive heart failure. Approximately 
3 months before referral, the patient 
experienced the onset of dyspnea on 
exertion and mild peripheral edema. 
During this period, he developed 
substernal chest pain, orthopnea, 
palpitations and paroxysmal noc- 
turnal dyspnea. Two years before 
admission, he underwent surgery for 
an acute type A aortic dissection, 
and a 30 mm Dacron graft was 
placed in the ascending aorta. The 
aneurysmal ascending aorta was 
wrapped around the graft and 
closed. The patient's postoperative 
course was complicated by hypoten- 
sion, respiratory failure and anoxic 
ischemic encephalopathy. He had no 


history of hypertension. 
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On admission to our hospital, 
findings on physical examination re- 
vealed an alert man in mild distress. 
Blood pressure was 110/65 mm Hg 
in the right arm and 80/60 mm Hg, 
in the left arm. Pulse rate was 96 
beats/min with a regular rhythm; 
respiratory rate was 30 beats/min. 
Jugular venous pressure was in- 
creased and bibasilar rales were de- 
tected. Coarse systolic vibrations 
were felt in the carotid arterial pulse. 
On palpation, the cardiac apical im- 
pulse was sustained and a presystol- 
ic distention was both visible and 
palpable. On auscultation, there was 
a grade 3/6 midsystolic murmur at 
the base of the heart that was excep- 
tionally well transmitted to the jug- 
ular notch and along the carotid ves- 
sels, and a 2/6 holosystolic murmur 
over the apex. A prominent S4 was 
noted. The abdomen was normal and 
mild ankle edema (1+) was present 
bilaterally. 

An electrocardiogram showed si- 
nus rhythm, left atrial enlargement 
and left ventricular hypertrophy. A 
chest roentgenogram disclosed a 
prominent left atrium, mild dilata- 


tion of the ascending aorta, small 
bilateral pleural effusions and 
prominent pulmonary vasculature. 
Transthoracic 2-dimensional echo- 
cardiography demonstrated a hy- 
pertrophied and mildly dilated left 
ventricle, mild reduction in systolic 
function with an ejection fraction of 
40%, and generalized hypokinesia. 
Mild aortic and moderate mitral re- 
gurgitation were noted. The ascend- 
ing aorta was dilated and a small 
echo-free space between the aortic 
graft and the wall of the aorta was 
seen; transthoracic color flow exam- 
ination could not clearly identify 
flow in the echo-free space. A systol- 
ic jet through the ascending aorta 
with a maximal velocity of 4.9 m/s 
was recorded by continuous-wave 
Doppler. A transesophageal echo- 
cardiographic study allowed the di- 
agnosis of aortic pseudoaneurysm, 
demonstrating flow into the echo- 
free space around the aortic graft 
and also a slit-like narrowing of the 
aortic Dacron tube (Figure 1). Aor- 
tography and left ventricular angi- 
ography were performed with the 
following results: large and anfrac- 
tuous pseudoaneurysm of the as- 
cending aorta (Figure 2, a and b), 
proximal graft dehiscence, mild ven- 
tricular dilatation, and reduced left 
ventricular systolic function. A pull- 
back pressure tracing from the left 
ventricle to the proximal ascending 
aorta demonstrated absence of a 





FIGURE 1. Transesophageal echocardiographic short-axis view of ascending aor- 
ta. An echo-free space (asterisks) around the aortic graft is seen. The tube has 
been extremely narrowed at this point. Left, diastolic frame; right, systolic frame. 
Note how the tube becomes more stenotic (arrow) in systole. 
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gradient. However, between the aor- 
tic pseudoaneurysm and the distal 
ascending aorta, proximal to the 
takeoff of the innominate artery, a 
95 mm Hg gradient was recorded. 
The dissection flap was visualized in 
the descending aorta with persis- 
tence of flow in both lumen. Com- 
puted tomography of the chest indi- 
cated the presence of a supravalvu- 
lar aortic pseudoaneurysm which 
was partially thrombosed, resulting 
in external compression of the aortic 
graft (Figure 3,a and b). The patient 
was taken to the operating room and 
placed on cardiopulmonary bypass. 
The aorta was cross-clamped and 
opened. There was a thrombus be- 
tween the prosthetic graft and the 
aorta that had been sutured outside 
the graft resulting in compression of 
the graft with severe stenosis. A par- 
tial dehiscence of the proximal graft 
anastomosis was detected. The graft 
was removed and a new Dacron graft 
was placed. The ascending aorta 
was wrapped around the graft and 
closed. The patient’s postoperative 
course was uncomplicated and 2 
years after his second surgical pro- 
cedure remains asymptomatic. 

This report illustrates a very un- 
usual and life-threatening complica- 
tion following the repair of aortic 
dissection: suture line dehiscence, 
pseudoaneurysm formation, pseudo- 
aneurysm thrombosis, and external 
compression and severe stenosis of 
the ascending aortic graft. Three 
cases of supravalvular aortic stenosis 
following replacement of the ascend- 
ing aorta have been reported: 2 pa- 
tients with Marfan’s syndrome and 
ascending aortic aneurysm and | af- 
ter repair of aortic dissection.>-5> Two 
of these patients had acute obstruc- 
tion of the ascending aorta after its 
repair. Acute supravalvular aortic 
stenosis occurred as a result of bleed- 
ing into the space between the tube 
and the ascending aorta used to wrap 
the tube. In 1 case, needle drainage of 
this space combined with autotrans- 
fusion of the aspirated blood allowed 
time for reoperation.* Crosby et al4 
reported a patient who developed su- 
pravalvular aortic stenosis both dur- 
ing and 15 months after surgery. A 
hematoma was found between the 
prosthetic tube and the aorta sutured 





FIGURE 2. a, frontal aortogram showing a large and anfractuous pseudoaneu- 
rysm (asterisks) surrounding the graft; b, schematic of a patient with an intra- 
luminal ascending aortic graft (G) previously placed for type A dissection. Su- 
ture dehiscence at the proximal suture line permits blood to enter the space be- 
tween the graft and the aortic wall, leading to peseudoaneurysm (P) formation. 
AA =ascending aorta; F = dissection flap; LA = left atrium; LV = left ventricle. 








pseudoaneur- 
ysm (asterisks), which is partially thrombosed (T), surrounds the graft. Com- 
pression and severe stenosis of the Dacron graft is seen (arrow). 
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wutside the tube. When the associa- 
ion of hypotension with elevated left 
itrial pressures occurs in the immedi- 
ite postoperative period of patients 
ifter replacement of the ascending 
iorta, consideration should be given 
o this complication. Our patient and 
ill patients reported with this compli- 
sation had this hemodynamic state 
ifter surgery. The patient in this re- 
port had a physical examination sim- 
ilar to patients with congenital supra- 
valvular aortic stenosis. The disparity 
in pulses may be related to the ten- 
dency of a jet stream to adhere to a 
vessel wall (Coanda effect) and pref- 
erential blood flow into the innomi- 
nate artery. 

The diagnosis of this complica- 
tion is important for early surgical 
intervention. Various imaging meth- 
ods for a correct diagnosis were used 
in this patient including transthorac- 
ic echocardiography, transesophage- 
al echocardiography, aortography 
and computed tomography. Each 
technique provided useful informa- 
tion for an accurate preoperative di- 


agnosis. Echocardiographic tech- 
niques can diagnose the presence of 
pseudoaneurysm complicating aortic 
grafts, and complement aortography 
and computed tomography in the as- 
sessment of patients before surgical 
intervention.>6 Special efforts should 
be made to prevent pseudoaneurysm 
in patients with aortic grafts and to 
minimize formation of thrombus be- 
tween the prosthetic tube and the 
aortic wrap. Kouchoukos et al! stud- 
ied 127 patients with composite aor- 
tic grafts — 103 with the inclusion 
technique (performing the distal 
anastomosis inside the intact aorta 
and wrapping the aortic wall snugly 
around the aortic graft), and 24 with- 
out the inclusion technique (preclot- 
ting the prosthesis with whole blood 
or albumin plus autoclaving) — and 
found 9 patients with pseudoaneu- 
rysms secondary to dehiscence at the 
coronary ostia or aortic suture lines; 
reoperation was required in 8. The 
inclusion technique was used in all 9 
patients.! These investigators! did 
not find significant compression of 


the graft by thrombus formation be- 
tween the aortic wall and the graft. 
To reduce the possibility of pseu- 
doaneurysm and supravalvular aortic 
stenosis in patients with aortic grafts, 
preclotting the graft, as described by 
Kouchoukos et al, is recommended. 
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Profound “Pacemaker Syndrome” in 
Hypertrophic Cardiomyopathy 


Jay N. Gross, MD, Theodore N. Keltz, MD, Jerome A. Cooper, MD, 
Sheldon Breitbart, MD, and Seymour Furman, MD 


Horto cardiomyopathy 
(HC) results in depressed cardi- 


ac output and pulmonary congestion 
from decreased left ventricular dia- 
stolic compliance, and in a large sub- 
set of patients is further complicated 
by dynamic left ventricular outflow 
tract obstruction. Complete atrioven- 
tricular (AV) block can induce se- 
vere hemodynamic compromise and 
is particularly dangerous in patients 
with structural heart disease. The in- 
cidence of spontaneous AV block in 
patients with HC is unknown but is 
the subject of numerous clinical and 
electrophysiologic reports.!-!! The 
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use of 8 blockers and calcium chan- 
nel antagonists in patients with HC 
may independently induce rhythms 
that compromise normal AV syn- 
chrony. “Pacemaker syndrome” re- 
fers to the occurrence of symptoms in 
patients managed with single-rate 
ventricular pacing who develop the 
adverse electrophysiologic and he- 
modynamic consequences of the loss 
of AV synchrony.!? Rarely has seri- 
ous hemodynamic compromise been 
noted. This syndrome is similar to the 
hemodynamic events described in 3 
patients with HC and profound he- 
modynamic impairment due to the 
loss of AV synchrony. 

PATIENT 1: An 80-year-old wom- 
an with a history of a precordial 
murmur and left bundle branch 
block was hospitalized with dizzi- 
ness, chest pain and complete heart 


block. Despite temporary ventricu- 
lar pacing, her clinical course dete- 
riorated and was complicated by 
persistent hypotension, respiratory 
failure, myocardial infarction and 
“shock liver.” A grade 3/6 systolic 
ejection murmur that increased 
markedly with Valsalva was present. 
No significant coronary arterial nar- 
rowing was detected on angiography. 
A 90 mm Hg left ventricular outflow 
gradient during ventricular pacing 
was detected, which resolved during 
transient episodes of intact AV con- 
duction or when temporary AV se- 
quential pacing was instituted (Fig- 
ure 1). Implantation of a permanent 
dual-chamber (DDD) pacemaker 
resulted in total clinical resolution. 
After implantation, noninvasive he- 
modynamic assessment confirmed 
this patient’s persistent dependance 
on AV synchrony (Figure 2). 
PATIENT 2: A 58-year-old woman 
with a history of plasma cell dyscra- 
sia and HC treated with verapamil 
was hospitalized because of inter- 
mittent chest pain and dyspnea. 
Symptoms were observed to develop 
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FIGURE 1. Patient 1. TT ENEE 
pressure recordings. Top, systolic pressures are identical during sinus rhythm. 


sure gradient between the left ventricle and femoral artery. Bottom, atrioventricu- 
lar sequential pacing (DVI) is not followed by a decrease in blood pressure or out- 
flow gradient. 





ing an increasing outflow gradient. The development of a “spike and dome” on 
the carotid pulse tracing (arrows) is classic for obstructive hypertrophic cardiomy- 
opathy. 
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when junctional rhythms at rates of 
60 and concomitant 30 mm Hg de- 
creases in blood pressure occurred. 
Angiography revealed significant 3- 
vessel coronary disease. Ventricular 
pacing caused a 50 mm Hg decrease 
in arterial blood pressure but did not 
induce an outflow gradient (Figure 
3). After administration of sublin- 
gual nitroglycerin, a 50 mm Hg left 
ventricular outflow gradient devel- 
oped during ventricular pacing and 
was abolished with atrial pacing 
(Figure 4). The patient’s condition 
improved after coronary artery by- 
pass grafting and DDD pacemaker 
implantation, except for 1 episode of 
pulmonary edema which resulted 
from a junctional rhythm that over- 
rode the pacemaker lower rate limit. 

PATIENT 3: An 85-year-old man 
with a previously implanted VVI 
pacemaker was hospitalized for cre- 
scendo angina. Angiography detect- 
ed severe 3-vessel and 60% left main 
disease, a hyperkinetic left ventricle 
with partial cavitary obliteration, 
and asymmetric hypertrophy of the 
interventricular septum. No left ven- 
tricular aortic gradient was noted on 
catheter pullout, but a progressive 
increase in aortic pressure was seen 
with fortuitous AV synchrony (Fig- 
ure 5). The patient underwent mul- 
tivessel coronary artery bypass 
grafting but developed numerous 
complications and marked hypoten- 
sion. Transesophageal echocardiog- 
raphy detected a 20 mm thick basal 
septum, systolic anterior motion of 
the mitral valve, and normal wall 
motion. Several variables substan- 
tially increased the blood pressure: 
(1) fortuitous AV synchrony during 
ventricular pacing; (2) ventricular 
pacing via the temporary epicardial 
lead (located near the basal sep- 
tum), which increased blood pres- 
sure by 25 Hg mm when compared 
with pacing via the permanent trans- 
venous right ventricular lead (Figure 
6); (3) temporary AV sequential 
pacing, which increased blood pres- 
sure by 75 mm Hg compared with 
ventricular pacing via the transve- 
nous lead (Figure 7). The patient 
transiently improved with tempo- 
rary AV sequential pacing but sub- 
sequently died with multiorgan sys- 
tem failure. 

The clinical presentations of con- 
comitant HC and AV dyssynchrony 


ire the focus of this report. AV block 
was initially reported as rarely asso- 
ciated with HC,!? but subsequent 
slinical reports% !! and electrophysio- 
logic data!-!4 indicate that it is far 
more common. AV block after myo- 
mectomy,’ and death due to verapa- 
mil-induced heart block in a patient 
with HC has been reported.'> The 
occurrence of AV block or other 
poorly tolerated bradyarrhythmias in 
HC may also result from indepen- 
dent degenerative sinus and AV node 
disease. Medication-induced junc- 
tional rhythms are probably the most 
frequent cause of AV dyssynchrony 
in patients with HC. 

This report, describing the spon- 
taneous presentation of 3 patients, 
demonstrates the variable conse- 
quences and mechanisms of AV dys- 
synchrony in HC. Hemodynamic al- 
terations that may result from AV 
dyssynchrony and ventricular pacing 
include: (1) a reduction in stroke 
volume due to decreased preload 
without obstruction; (2) a sufficient 
reduction in end-diastolic filling to 
promote or exacerbate outflow ob- 
struction; and (3) alteration of ven- 
tricular depolarization due to “ectop- 
ic” (i.e., paced) stimulation affecting 
septal contraction, mitral valve mo- 
tion and outflow obstruction. All 3 
mechanisms were detected in this re- 
port. Paced ventricular or junctional 
rhythms resulted in marked de- 
creases in ventricular preload and de- 
creases in stroke volume and blood 
pressure, even in the absence of out- 
flow obstruction. In 2 patients, re- 
sumption of AV synchrony immedi- 
ately eliminated the outflow gradient 
that was provoked with dyssynchron- 
ous ventricular pacing. Several case 
reports in the 1970s support this ob- 
servation.®:!3.!6 Patient 3 displayed 
marked hemodynamic changes at- 
tributable to the site of ventricular 
pacing, an issue that is now receiving 
particular attention. The notion that 
ventricular activation substantially 
affects HC hemodynamics is consis- 
tent with recent reports indicating 
the efficacy of atrial-synchronous 
ventricular pacing in attenuating 
outflow obstruction by inducing par- 
adoxical ventricular septal mo- 
tion.!7-18 

The observations described have 
obvious clinical implications for pa- 
tients with HC who require pacing. 


The maintenance of AV synchrony 
with DDD pacing is essential and the 
use of active-fixation ventricular 
leads, which allow for pacing from 
one of many positions, may be pre- 


ferred. Hemodynamic monitoring 
may aid in determining optimal AV 
timing and pacing site localization. 
Postoperatively, the lower rate of the 
pacemaker should be programmed to 
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FIGURE 3. Patient 2. Simultaneous left ventricular and femoral artery pressures: 
Systolic pressures decrease with ventricular pacing (VVI) but no pressure gradient 
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FIGURE 4. Patient 2. Top, simultaneous left ventricular (LV) outflow and apical 
A gradient 
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override competing junctional 
rhythms. 

These observations have broader 
ramifications for patients with HC. 
“Benign” junctional rhythms may 
not be innocuous in these patients, 
and these rhythm disturbances often 
develop in response to medical thera- 
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py. DDD pacing should be seriously 
considered in patients with mild bra- 
dyarrhythmias in whom AV syn- 
chrony is compromised, particularly 
given that pacing may soon become a 
primary treatment method in HC 
patients with normal AV conduction. 
Similarly, nonsustained ventricular 
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FIGURE 5. Patient 3. Pressure tracings during pullout from left ventricle to aorta: 
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pressure is 20 mm Hg higher during epicardial lead pacing then during endocardi- 


al pacing. During both situations fortuitous 


synchrony occurred on 


every other beat and was associated with a concomitant increase in blood pres- 
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tachycardia with resultant AV dys- 
synchrony may be catastrophic in pa- 
tients with HC, and a more aggres- 
sive antiarrhythmic approach may be 
appropriate. 

Our clinical experience is also 
consistent with the recent report that 
HC may first become clinically man- 
ifest in elderly patients.'? These ob- 
servations reinforce the notion that 
the existence of HC should be consid- 
ered in any patient with unexplained 
heart failure, may coexist with coro- 
nary artery or conduction disease, 
and may first become evident with 
the occurrence of dysrhythmias that 
compromise AV synchrony. Irre- 
spective of whether patients with HC 
are “pacemaker patients,” mainte- 
nance of AV synchrony must be con- 
sidered one of the therapeutic goals 
in their management. 
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READERS’ COMMENTS 
Acronyms of Major Cardiologic 
Trials 


Physicians, especially cardiolo- 
gists, like to use or invent acronyms. 
Conti!-? wrote 3 editorials on them 
during the last 3 years. With the 
help of Conti, I have recently com- 
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piled a list of acronyms of major 
clinical trials in cardiology (Table 
I) which I would like to share with 
your readers who, like me, are often 
befuddled by the ever-escalating 
number of acronyms in the litera- 
ture. 

The alphabetically arranged list 
is by no means complete. It will nev- 
er be complete as long as new acro- 
nyms are invented. Then there are 
subsequent studies bearing the 
same original acronyms, e.g., ISIS- 
3, TIMI-2B, TAMI-3, etc. To con- 


fuse the matter further, several tri- 
als share the same acronyms, e.g., 
CATS, PACT and TIPE. 

Tsung O. Cheng, mp 


Washington, D.C. 
6 July 1992 
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TABLE I Acronyms of Major Cardiologic Trials 


ACME (Angioplasty Compared to Medicine) 

AFASAK (Atrial Fibrillation, Aspirin, Antikoagulation) 

AFTER (Antistreplase Following Thrombolysis Effect on Reocclusion) 

AICLA (Accidents Ischémiques Cérebraux Liés a |’Atherosclérose) 

AIMS (APSAC Intervention Mortality Study) 

AIRE (Acute Infarction Remipril Efficacy) 

AITIA (Aspirin in Transient Ischemic Attacks) 

AMIS (Aspirin in Myocardial Infarction Study) 

AMPI (APSAC in Acute Myocardial Infarction Placebo-Controlled Investi- 
gation) 

ANBP (Australian National Blood Pressure Trial) 

APRICOT (Antithrombotics in Prevention of Reocclusion in Coronary 
Thrombolysis) 

APRICOT (Aspirin vs Coumadin Trial) 

APSI (Acebutalol Prevention Secondaire del’Infarctus) 

APSIM (APSAC dans |'Infarctus du Myocarde) 

APSIS (Angina Prognosis Study with Isoptin and Seloken Trial) 

ARIC (Atherosclerosis Risk in Communities Study) 

ARIS (Anturane Reinfarction Italian Study) 

ARMS (APSAC Reocclusion Multicenter Study) 

ART (Anturane Reinfarction Trial) 

ASK (Australian SK Trial in Stroke) 

ASPECT (Anticoagulants in Secondary Prevention of Events in Coronary 
Thrombolysis) 

ASPS (Australian Swedish Pindolol Study) 

ASSET (Anglo-Scandinavian Study of Early Thrombolysis) 

ATACS (Antithrombotic Therapy in Acute Coronary Syndromes) 

ATEST (Atenolol and Streptokinase Trial) 

ATIAIS (Auturane Transient Ischemic Attack Italian Study) 

BAATAF (Boston Area Anticoagulation Trial for Atrial Fibrillation) 

BARI (Bypass Angioplasty Revascularization Investigation) 

BEST (Beta-Blocker Stroke Trial) 

BHAT (Beta-Blocker Heart Attack Trial) 

BIRNH (Belgian Interuniversity Research on Nutrition and Health) 

BRHS (British Regional Heart Study) 

BWIS (Baltimore Washington Infant Study) 

CABRI (Coronary Artery Bypass Revascularization Investigation) 

CAFA (Canadian Atrial Fibrillation Anticoagulation Study) 

CAMIAT (Canadian Amiodarone Myocardial Infarction Arrhythmia Trial) 

CAPPHY (Captopril Primary Prevention in Hypertension) 

CAPRIE (Clopidogrel vs Aspirin in Patients at Risk of Ischemic Events) 

CAPS (Cardiac Arrhythmia Pilot Study) 

CARDIA (Coronary Artery Risk Development in Young Adults) 

CARPORT (Coronary Artery Restenosis Prevention On Repeated Throm- 
boxane-Antagonism) 

CASH (Cardiac Arrest Study Hamburg) 

CASIS (Canadian Amlodipine-Atelenolol in Silent Ischemia Study) 

CASS (Coronary Artery Surgery Study) 

CAST (Cardiac Arrhythmia Suppression Trial) 

CATS (Canadian American Ticlopidine Study) 

CATS (Captopril and Thrombolysis in Myocardial Infarction Study) 

CDP (Coronary Drug Project) 

CECCC (Confidential Enquiry into Cardiac Catheterization Complications) 


CEDIM (Italian Study on 1-Carnitine and Digital Echocardiography in 
Myocardial Infarction) 

CITO (Collaboratione Italiana par la Thrombosi in Ortopedia) 

CLAS (Cholesterol Lowering Atherosclerosis Study) 

CLIP (Cholestero! Lowering Intervention Program) 

CONSENSUS (Cooperative North Scandinavian Enalapril Survival Study) 

CORIS (Coronary Risk Factor Study) 

CRAFT (Catheterization Rescue Angioplasty Following Thrombolysis) 

DART (Diet and Reinfarction Trial) 

DAVIT (Danish Verapamil in Myocardial Infarction Trial) 

DIMT (Dutch llopamine Multicenter Trial) 

DRS (Diltiazem Reinfarction Study) 

DUCCS (Duke University Clinical Cardiology Studies) 

Dutch IRS (Dutch Invasive Reperfusion Study) 

DVT (Danish Verapamil Trial) 

EARS (European Atherosclerosis Research Study) 

EAST (Emory Angioplasty Surgery Trial) 

ECCOMAC (European Concerted CoMmunity Action Programmes) 

ECAT (European Concerted Action on Thrombosis and Disabilities) 

ECATAP Trial (ECAT Angina Pectoris Trial) 

ECTIM (Etude Cas-Témoins sur I’Infarctus du Myocarde) 

ECSG (European Cooperative Study Group) 

ECSS (European Coronary Surgery Study) 

ECST (European Carotid Surgery Trial) 

EIS (European Infarction Study) 

ELCA Registry (Excimer Laser Coronary Angioplasty Registry) 

EMERAS (Estudio Multicenter Estreptoquinasa Republicas Americas Sud) 

EMIAT (European Myocardial Infarction Amiodarone Trial) 

EMIP (European Myocardial Infarction Project) 

EMPAR (Enoxaparine Maxipa Prevention of Angioplasty Restenosis) 

EMS (European Multicenter Study) 

EPPI (Etude de Prescription Post Infarctus) 

EPSIM (Enquete de Prevention Secondaire de |Infarctus du Myocarde) 

ERICA (European Risk and Incidence, a Coordinated Analysis) 

ESPS (European Stroke Prevention Study) 

ESVEM (Electrophysiologic Study vs Electrocardiographic Monitoring) 

ETDRS (Early Treatment Diabetic Retinopathy Study) 

EVA (European Vascular Agency) 

EVAS-IM (Etude Vaudois APSAC vs Streptokinase dans Infarctus du Myo 
carde) 

EXCEL (Expanded Clinical Evaluation of Lovastatin) 

EWPHE (European Working Party on Hypertension in the Elderly) 

FACET (Flosequinan ACE-Inhibitor Trial) 

FATS (Familial Atherosclerosis Treatment Study) 

FHS (Family Heart Study) 

FIPS (Frankfurt Isoptin Progression Study) 

FRESH (Food Reeducation Elementary School Health Study) 

GABI (German Angioplasty Bypass Investigation) 

GAMIS (German Austrian Myocardial Infarction Study) 

GAUS (German Activator Urokinase Study) 

GCP (German Cardiovascular Prevention Study) 

GEMT (German Eminase Multicenter Trial) 
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GISSI (Gruppo Italiano per lo Studio della Streptochinasi nell'Infarto Mio- 
cardico) 

GMT (Göteborg Metoprolol Trial) 

GPP (Göteborg Primary Prevention Trial) 

GRASP (Glaxo Restenosis and Symptoms Project) 

GREAT (Grampian Region Early Antistreplase Trial) 

GRECO (German Study with Recombinant t-PA in Coronary Conclusion) 

GUIDE Trial (Guidance by Ultrasound Imaging for Decision Endpoints 
Trial) 

GUSTO (Global Utilization of Streptokinase and t-PA for Occluded Arter- 
ies) 

HALS (Heart Attacks in London Study) 

HAPPHY (Heart Attack Prevention in Primary Hypertension) 

HART (Heparin Aspirin Reperfusion Trial) 

HDFP (Hypertension Detection and Follow-Up Program) 

HHS (Helsinki Heart Study) 

HINT (Holland Interuniversity Nifedipine/ Metoprolol Trial) 

HYNON (Hypertension Non-Drug Treatment Cooperative Study) 

ICIN (Intracoronary Streptokinase Trial of the Interuniversity Cardiology 
Institute of the Netherlands) 

IMAGE (International Metoprolol/ Nifedipine Angina Exercise Trial) 

IMPACT (International Mexiletine & Placebo Antiarrhythmic Coronary 
Trial) 

INCLEN (International Clinical Epidemiology Network) 

INTACT (International Nifedipine Trial on Antiatherosclerotic Therapy) 

INTERSALT (International Studies of Salt and Blood Pressure) 

IPPPSH (International Prospective Primary Prevention Study on Hyper- 
tension) 

IRS (Invasive Reperfusion Study) 

ISAM (Intravenous Streptokinase in Acute Myocardial Infarction) 

ISIS (International Study of Infarct Survival) 

KAMIT (Kentucky Acute Myocardial Infarction Trial) 

LAPIS (Late Potentials in Myocardial Infarction Study) 

LATE (Late Assessment of Thrombolytic Efficacy) 

LIMIT (Leicester Intravenous Magnesium Intervention Trial) 

LIMITS (Liquemin in Myocardial infarction During Thrombolysis with Sa- 
ruplase) 

LIT (Lopressor Intervention Trial) 

LRC-CPPT (Lipid Research Clinics-Coronary Primary Prevention Trial) 

MAPHY (Metoprolol Atherosclerosis Prevention in Hypertension) 

MARCATOR (Multicenter American Research Trial with Cilazapril After 
Angioplasty to Prevent Transluminal Coronary Obstruction & Resteno- 
sis) 

MARS (Monitored Atherosclerosis Regression Study) 

MAST-| (Multicenter Acute Stroke Trial—ttaly) 

MDPIT (Multicenter Diltiazem Post Infarction Trial) 

MEHP (Metoprolol in Elderly Hypertensive Patients) 

MELODHY (Metoprolol Low Dose in Hypertension) 

MERCATOR (Multicenter European Research Trial with Cilazapril After 
Angioplasty to Prevent Transluminal Coronary Obstruction & Resteno- 
sis) 

M-HEART (Multi-Hospital Eastern Atlantic Restenosis Trial) 

MIAMI (Metoprolol in Acute Myocardial Infarction) 

MIDAS (Myocardial Infarction Data Acquisition System) 

MILESTONE (Multicenter lloprost European Study on Endangeitis) 

MILIS (Multicenter Investigation of the Limitation of Infarct Size) 

MITI (Myocardial Infarction Triage and Intervention) 

MONICA (Monitoring Trends and Determinants in Cardiovascular Dis- 

ease) 

MPRG (Multicenter Postinfarction Research Group) 

MRFIT (Multiple Risk Factor Intervention Trial) 

NACI Registry (New Approaches to Coronary Intervention Registry) 

NAMIS (Nifedipine Angina Myocardial Infarction Study) 

NASCET (North American Symptomatic Carotid Endarterectomy Trial) 

NCEP (National Cholesterol Education Program) 

NGHS (NHLBI Growth and Health Study) 

NHANES (National Health and Nutrition Examination Survey) 

OCSP (Oxfordshire Community Stroke Project) 

OSIRIS (Optimization Study of Infarct Reperfusion Investigated by ST- 
Monitoring) 

PACK (Prevention of Atherosclerotic Complications with Ketanserin) 

PACT (Pre-Hospital Application of Coronary Thrombolysis) 


PACT (Pro-Urokinase in Acute Coronary Thrombosis) 

PACTE (Prevention des Accidents Thrombo-Emboliques Chez les Por- 
teurs de Protheses Valvulaires Cardiaques) 

PAIMS (Plasminogen Activator Italian Multicenter Study) 

PAMI (Primary Angioplasty Myocardial Infarction Trial) 

PARIS (Persantine Aspirin Reinfarction Study) 

PARK (Prevention of Angioplasty Reocclusion with Ketanserin) 

PARTNER (Peripheral Arterial Disease Response to Taprostene with New 
Established Response Criteria) 

PASS (Practical Applicability of Saruplase Study) 

PATS (Prehospital Administration of t-PA Study) 

PDAY (Pathobiological Determinants of Atherosclerosis in Youth) 

PIOPED (Prospective Investigation of Pulmonary Embolism Diagnosis) 

PLAC (Pravastatin Limitation of Atherosclerosis in Coronary Arteries) 

POSCH (Program on Surgical Control of Hyperlipidemia) 

PREMIS (Prehospital Myocardial Infarction Study) 

PRIMI (Prourokinase in Myocardial Infarction) 

PROCAM Study (Prospective Cardiovascular Munster Study) 

PROFILE (Prospective Randomized Flosequinan Longevity Evaluation) 

PROMISE (Prospective Randomized Milrinone Survival Evaluation) 

QUIET (Quinapril Ischemic Events Trial) 

RADIANCE (Randomized Assessment of Digoxin and Inhibitors of Angio- 
tensin Converting Enzyme) 

RAAMI (Rapid Administration of Alteplase in Myocardial Infarction) 

REPAIR (Reperfusion in Acute Infarction, Rotterdam) 

RESCUE (Randomized Evaluation of Salvage Angioplasty with Combined 
Utilization of Endpoints) 

RISK (Regional Study av Instabil Kranskarlssjukdom) 

RITA (Randomized Intervention Treatment of Angina) 

ROBUST (Recanalization of Occluded Bypass Graft, Urokinase Study 
Trial) 

ROCKET (Regionally Organized Cardiac Key European Trial) 

SAFE (Safety After Fifty Evaluation) 

SALT (Swedish Aspirin Low-Dose Trial) 

SAMIT (Streptokinase Angioplasty Myocardial Infarction Trial) 

SAVE (Survival and Ventricular Enlargement) 

SCATI (Studio sulla Calciparina nell’Angina e nella Trombosi Ventricolare 
nell'Infarto) 

SCRIP (Stanford Coronary Risk Intervention Project) 

SEPIVAC (Studio Epidemiologica sull’Incidenza delle Vasculopatie Acute 
Cerebrali) 

SESAM (Study in Europe of Saruplase and Alteplase in Myocardial Infarc- 
tion) 

SHAVE (Steerable Housing for Atherovascular Excision) 

SHEP (Systolic Hypertension in the Elderly Program) 

SIAM (Streptokinase in Acute Myocardial Infarction) 

SMISS (Silent Myocardial Ischemia Stress Study) 

SMT (Stockholm Metroprolo! Trial) 

SOLVD (Studies of Left Ventricular Dysfunction) 

SPAF (Stroke Prevention in Atrial Fibrillation) 

SPINAF (Stroke Prevention in Nonrheumatic Atrial Fibrillation) 

SPRINT (Secondary Prevention Reinfarction Israeli Nifedipine Trial) 

SRT (Sorbinil Retinopathy Trial) 

SSSS (Scandinavian Simvastatin Survival Study) 

STAI (Study Ticlopidine in Angor Instable) 

STAMP (Systemic Thrombolysis in Acute Myocardial Infarction with 
Prourokinase) 

STARS (St. Thomas’ Atherosclerosis Regression Study) 

STEP (Study of Taprostene in Elective PTCA) 

STIMS (Swedish Ticlopidine Multicentre Study in Patients with Intermit- 
tent Claudication) 

STOP Hypertension (Swedish Trial in Old Patients with Hypertension) 

SWIFT (Should We Intervene Following Thrombolysis) 

TACS (Thrombolysis and Angioplasty in Cardiogenic Shock) 

TACT (Ticlopidine vs Placebo for Prevention of Acute Closure Trial) 

TAMI (Thrombolysis and Angioplasty in Myocardial Infarction) 

TAPS (t-PA APSAC Patency Study) 

TASS (Ticlopidine Aspirin Stroke Study) 

TAUSA (Thrombolysis and Angioplasty in Unstable Angina) 

TEAHAT (Thrombolysis Early in Acute Heart Attack Trial) 

TEAM (Trial of Eminase vs Alteplase in Myocardial Infarction) 

TIARA (Timolol en Infarcto Agudo, Republica Argentina) 
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TIBET (Total Ischemic Burden European Trial) 
TICO (Thrombolysis in Coronary Occlusion) 


TIMAD (Ticlopidine in Micro-Angiopathy of Diabetes) 


TIMI (Thrombolysis in Myocardial Infarction) 


TIPE (Thrombolysis in Pulmonary Embolism Study) 
TIPE (Thrombolysis in Peripheral Embolism Patient Study) 
TOHMS (Trial of Hypertensive Medications Study) 


TOHP (Trials of Hypertension Prevention) 


TOMHS (Treatment of Mild Hypertension Study) 


TOP (Thrombolysis in Old Patients) 
TPAT (Tissue Plasminogen Activator, Toronto) 
TPT (Thrombosis Prevention Trial) 


TRENT (Trial of Early Nifedipine Treatment in Acute Myocardial Infarc- 


tion) 


A Grading Index of Serum 
Lipid Abnormalities 


The article by Hearn et al,' com- 
bining experience of the Divisions 
of Cardiology of Emory University 
and the University of Alabama, 
clearly indicates the value of serum 
lipoprotein (a) as an index of ath- 
erosclerotic predilection, confirm- 
ing numerous studies to which they 
refer. In effect, a catch 22 situation 
is posed, by demonstrating the su- 
perior value of a serum lipid frac- 
tion that is not currently available 
except in research laboratories, nor 
likely to be so in the near future. 
Other lipoprotein particles, such as 
elevated levels of apolipoprotein B 
and decreased levels of apolipopro- 
tein A-1, also enhance a more accu- 
rate assessment of coronary disease 
risk,” but similarly are not available 
in clinical practice. Low-density li- 
poprotein (LDL) cholesterol, the 
most directly implicated lipid com- 
ponent in the atheromatous lesion, 
is not measured directly in serum 
lipid analysis, but is calculated us- 
ing triglyceride level in the equa- 
tion: LDL cholesterol = total cho- 
lesterol — high-density lipoprotein 
(HDL) cholesterol — 1⁄5 triglycer- 
de 7 The use of the cholesterol / 
HDL rates is now generally accept- 
ed, to which has been later added 
increasing evidence that elevated 
triglycerides are also significant.4 

How is the practicing physician 
to keep abreast with or evaluate 
the several numerical and changing 
standards of total cholesterol, HDL 
and LDL cholesterol, cholesterol/ 
HDL ratio (or LDL/HDL ratio 
which is also used), and serum tri- 


TRUST (Trial of United Kingdom for Stroke Treatment) 
UNASEM (Unstable Angina Study Using Eminase) 


UNSA (Unstable Angina Study) 


UPET (Urokinase Pulmonary Embolism Trial) 


URALMI (Urokinase and Alteplase in Myocardial Infarction) 
USIM (Urochinasi per via Sistemica nell’Infarto Miocardico) 


VACA Registry (Valvuloplasty and Angioplasty of Congenital Anomalies 


Registry) 


V-HeFT (Veterans Heart Failure Trial) 

WARIS (Warfarin Relnfarction Study) 

WHA Study (Worcester Heart Attack Study) 

WWICT (Western Washington Intracoronary Streptokinase Trial) 


glycerides? A simple graded index 
combining these several lipid com- 
ponents may be offered as a guide 
to evaluating atherogenic risk: tri- 
glyceride level multiplied by choles- 
terol/HDL ratio (e.g., triglyceride 
of 100 X cholesterol/HDL ratio 
of 4.0 = 400). This index may be 
graded in 4 categories: (1) optimal 
— triglyceride X cholesterol / 
HDL ratio <500; (2) average, but 
suboptimal — 500 to 1,000; (3) un- 
desirably high — 1,000 to 1,500; 
and (4) abnormally high — ex- 
ceeding 1,500. 

Categories “3” and “4” particu- 
larly call for advice to lower risk 
factors plus lipid-lowering drugs if 
considered necessary. The broad 
range in each of the 4 grades takes 
account of variations with age and 
gender, with a wide gray zone re- 
flecting lack of uniform agreement 
as to what levels constitute ab- 
normality and how vigorously to 
pursue recommendations for treat- 
ment. The suggested grading index 
serves also to avoid the current pho- 
bic concern of the public with the 
precise numerical values of total 
cholesterol or the cholesterol/HDL 
ratio. Due recognition is given to 
newer indications that triglyceride 
level is significant, as reflected in 
the recent National Heart, Lung 
and Blood Institute-sponsored 
Consensus Development Confer- 
ence on Triglyceride, High-Density 
Lipoprotein and Coronary Heart 
Disease, held this February. It rec- 
ommended that patients with ele- 
vated triglycerides and low HDL 
should be treated even in the pres- 
ence of a desirably low total choles- 
terol level. Hopefully, in the near 
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WWIST (Western Washington Intravenous Streptokinase Trial) 





future, a single measurement such 
as serum lipoprotein (a) will be- 
come available clinically to offer a 
more precise index of atherogenic 
risk. In the interim there would ap- 
pear to be merit in employing an 
index with guidelines of apprecia- 
ble latitude as suggested. 


Richard S. Gubner, mp 
Safety Harbor, Florida 
10 April 1992 


1. Hearn JA, Donohue BC, Ba’albaki H, 
Douglas J, King S III, Lembo N, Roubin 
G, Sgoutas D. Usefulness of serum lipo- 
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739. i 
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JM, et al. Lipoprotein cholesterol, apoli- 
poprotein A-1 and B and lipoprotein (a) 
abnormalities in men with premature cor- 
onary artery disease. J Am Coll Cardiol 
1992;19:792-803. d 
3. Friedewald WT, Levy RI, Frederick- ` 
son DS. Estimation of the concentration 
of low density lipoprotein cholesterol in 
plasma, without use of the preparative 
ultracentrifuge. Clin Chem 1972;18: 
499-502. 

4. Grundy SM, Vega GL. Two different 
views of the relationship of hypertrigly- 
ceridemia to coronary heart disease. Arch 
Intern Med 1992;152:28-34. 


Correction 


In the July 15, 1992 issue of the 
AJC, a letter entitled, “Does En- 
flurane Effect Ventricular Tachy- 
cardia?” on page 267, has an incor- 
rect explanation for the abbrevia- 
tion MAC. It stands for minimal 
alveolar concentration, not maxi- 
mal allowable concentration. 
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New, for hypertension 
Once-a-day 


DILACOR: XR 


(diltiazem HCl) #3 





RIEF SUMMARY 


ONTRAINDICATIONS 

iltiazem hydrochloride is contraindicated in: (1) patients with sick sinus syndrome except in the 
resence of a functioning ventricular pacemaker; (2) patients with second or third degree AV block 
xcept in the presence of a functioning ventricular pacemaker; (3) patients with hypotension (less 
1an 90 mmHg systolic); (4) patients who have demonstrated hypersensitivity to the drug; and (5) 
atients with acute myocardial infarction and pulmonary congestion as documented by X-ray on 
dmission. 

/ARNINGS 

. Cardiac Conduction. Diltiazem hydrochloride prolongs AV node refractory periods without signifi- 
antly prolonging sinus node recovery time, except in patients with sick sinus syndrome. This effect 
yay rarely result in abnormally slow heart rates (particularly in patients with sick sinus syndrome) or 
cond, or third degree AV block (22 of 10,119 patients, or 0.2%); 41% of these 22 patients were 
ceiving concomitant R-adrenoceptor antagonists versus 17% of the total group. Concomitant use of 
iltiazem with beta-blockers or digitalis may result in additive effects on cardiac conduction. A 
atient with Prinzmetal’s angina developed periods of asystole (2 to 5 seconds) after a single 60 mg 
ose of diltiazem. 

. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tis- 
ue preparations, hemodynamic studies in humans with normal ventricular function have not shown 
reduction in cardiac index nor consistent negative effects on contractility (dp/dt). An acute study of 
ral diltiazem in patients with impaired ventricular function (ejection fraction of 24% + 6%) showed 
nprovement in indices of ventricular function without significant decrease in contractile function 
ip/dt). Worsening of congestive heart failure has been reported in patients with preexisting impair- 
went of ventricular function. Experience with the use of diltiazem hydrochloride in combination with 
eta-blockers in patients with impaired ventricular function is limited. Caution should be exercised 
‘hen using this combination. 

. Hypotension. Decreases in blood pressure associated with diltiazem hydrochloride therapy may 
ccasionally result in symptomatic hypotension. 

. Acute Hepatic Injury. Mild elevations of serum transaminases with and without concomitant eleva- 
on in alkaline phosphatase and bilirubin have been observed in clinical studies. Such elevations 
iere usually transient and frequently resolved even with continued diltiazem treatment. In rare 
istances, significant elevations in alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
onsistent with acute hepatic injury have been noted. These reactions tended to occur early after 
verapy initiation (1 to 6 weeks) and have been reversible upon discontinuation of drug therapy. The 
alationship to diltiazem is uncertain in some cases, but probable in some others (see PRECAU- 
IONS). 

RECAUTIONS 

ieneral. Diltiazem hydrochloride is extensively metabolized by the liver and is excreted by the kid- 
eys and in bile. As with any drug given over prolonged periods, laboratory parameters should be 
yonitored at regular intervals. The drug should be used with caution in patients with impaired renal 
r hepatic function. In subacute and chronic dog and rat studies designed to produce toxicity, high 
oses of diltiazem were associated with hepatic damage. In special subacute hepatic studies, oral 
oses of 125 mg/kg and higher in rats were associated with the histological changes in the liver 
‘hich were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also associ- 
ted with hepatic changes; however, these changes were reversible with continued dosing. 
lermatological events (see ADVERSE REACTIONS) may be transient and may disappear despite con- 
nued use of diltiazem hydrochloride. However, skin eruptions progressing to erythema multiforme 
nd/or exfoliative dermatitis have also been infrequently reported. Should a dermatologic reaction 
ersist, the drug should be discontinued. 

ilthough Dilacor™ XR utilizes a slowly disintegrating matrix, caution should still be used in patients 
‘ith preexisting severe gastrointestinal narrowing (pathologic or iatrogenic). There have been no 
sports of obstructive symptoms in patients with known strictures in association with the ingestion of 
lilacor™ XR. 

formation for Patients. Dilacor™ XR capsules should be taken on an empty stomach. Patients 
hould be cautioned that the Dilacor™ XR capsules should not be opened, chewed or crushed, and 
hould be swallowed whole. 

irug Interaction. Due to the potential for additive effects, caution and careful titration are warranted 
1 patients receiving diltiazem hydrochloride concomitantly with any agents known to affect cardiac 
ontractility and/or conduction (see WARNINGS). Pharmacologic studies indicate that there may be 
dditive effects in prolonging AV conduction when using beta-blockers or digitalis concomitantly 
“ith diltiazem hydrochloride (see WARNINGS). As with all drugs, care should be exercised when 
‘eating patients with multiple medications. Diltiazem hydrochloride undergoes biotransformation by 
ytochrome P-450 mixed function oxidase. Co-administration of diltiazem hydrochloride with other 
gents which follow the same route of biotransformation may result in the competitive inhibition of 
yetabolism. Dosages of similarly metabolized drugs, such as cyclosporin, particularly those of low 
erapeutic ratio or in patients with renal and/or hepatic impairment, may require adjustment when 
tarting or stopping concomitantly administered diltiazem hydrochloride to maintain optimum thera- 
eutic blood levels. 

ieta-Blockers: Controlled and uncontrolled domestic studies suggest that concomitant use of dilti- 
zem hydrochloride and beta-blockers is usually well-tolerated, but available data are not sufficient 
) predict the effects of concomitant treatment in patients with left ventricular dysfunction or cardiac 
onduction abnormalities. Administration of diltiazem hydrochloride concomitantly with propranolol 
1 five normal volunteers resulted in increased propranolol levels in all subjects and the bioavailabil- 
y of propranolol was increased approximately 50%. If combination therapy is initiated or withdrawn 
1 conjunction with propranolol, an adjustment in the propranolol dose may be warranted (see 
VARNINGS). 

‘imetidine: A study in six healthy volunteers has shown a significant increase in peak diltiazem 
lasma levels (58%) and area-under-the-curve (53%) after a 1-week course of cimetidine at 1,200 mg 
er day and diltiazem 60 mg per day. Ranitidine produced smaller, nonsignificant increases. The 
ffect may be mediated by cimetidine’s known inhibition of hepatic cytochrome P-450, the enzyme 
ystem responsible for the first-pass metabolism of diltiazem. Patients currently receiving diltiazem 
verapy should be carefully monitored for a change in pharmacological effect when initiating and 
iscontinuing therapy with cimetidine. An adjustment in the diltiazem dose may be warranted. 
ligitalis: Administration of diltiazem hydrochloride with digoxin in 24 healthy male subjects 
creased plasma digoxin concentrations approximately 20%. Another investigator found no 
crease in digoxin levels in 12 patients with coronary artery disease. Since there have been conflict- 
1g results regarding the effect of digoxin levels, it is recommended that digoxin levels be monitored 
shen initiating, adjusting, and discontinuing diltiazem hydrochloride therapy to avoid possible over- 
r under-digitalization (see WARNINGS). 

inesthetics: The depression of cardiac contractility, conductivity, and automaticity as well as the vas- 
ular dilation associated with anesthetics may be potentiated by calcium channel blockers. When 
sed concomitantly, anesthetics and calcium channel blockers should be titrated carefully. 
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Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in rats and an 18-month 
study in mice showed no evidence of carcinogenicity. There was also no mutagenic response in vitro 
or in vivo in mammalian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in male or female rats at oral doses of up to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits. 
Administration of doses ranging from 4 to 6 times (depending on species) the upper limit of the opti- 
mum dosage range in clinical trials (480 mg q.d. or 8 mg/kg q.d. for a 60 kg patient) has resulted in 
embryo and fetal lethality. These studies have revealed, in one species or another, a propensity to 
cause abnormalities of the skeleton, heart, retina, and tongue. Also observed were reductions in 
early individual pup weights and pup survival, prolonged delivery and increased incidence of still- 
births. 

There are no well-controlled studies in pregnant women; therefore, use diltiazem hydrochloride in 
pregnant women only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that concentrations in 
breast milk may approximate serum levels. If use of diltiazem hydrochloride is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Serious adverse reactions to diltiazem hydrochloride have been rare in studies with other formula- 
tions, as well as with Dilacor™ XR. It should be recognized, however, that patients with impaired 
ventricular function and cardiac conduction abnormalities have usually been excluded from these 
studies. 

The most common adverse events (frequency 21%) in placebo-controlled, clinical hypertension stud- 
ies with Dilacor™ XR using daily doses up to 540 mg are listed in the table below with placebo- 
treated patients included for comparison. 








MOST COMMON ADVERSE EVENTS 
IN DOUBLE-BLIND, PLACEBO-CONTROLLED HYPERTENSION TRIALS* 


Dilacor™ XR Placebo 
Adverse Events n=303 n=87 

(COSTART Term) # pts (%) # pts (%) 
rhinitis 29 (9.6) 7 (8.0) 

headache 27 (8.9) 12 (13.8) 
pharyngitis 17 (5.6) 4 (4.6) 
constipation 11 (3.6) 2 (2.3) 
cough increase 9 (3.0) 2 (2.3) 
flu syndrome 7 (2,3) 1(1.1) 
edema, peripheral 7 (2.3) 0 (0.0) 
myalgia 7 (2.3) 0 (0.0) 
diarrhea 6 (2.0) 0 (0.0) 
vomiting 6 (2.0) 0 (0.0) 
sinusitis 6 (2.0) 1 (1.1) 
asthenia 5 (1.7) 0 (0.0) 
pain, back 5 (1.7) 2 (2.3) 
nausea 5 (1.7) 1 (1.1) 
dyspepsia 4 (1.3) 0 (0.0) 
vasodilatation 4 (1.3) 0 (0.0) 
injury, accident 4 (1.3) 0 (0.0) 
pain, abdominal 3 (1.0) 0 (0.0) 
arthrosis 3 (1.0) 0 (0.0) 
insomnia 3 (1.0) 0 (0.0) 
dyspnea 3 (1.0) 0 (0.0) 
rash 3 (1.0) 1 (1.1) 
tinnitus 3 (1.0) 0 (0.0) 


*Adverse events occurring in 1% or more of patients receiving Dilacor™ XR. 


The following additional events (COSTART Terms), listed by body system, were reported infre- 
quently in all subjects and hypertensive patients who received Dilacor™ XR (n=425): Cardiovascular: 
First-degree AV block, arrhythmia, postural hypotension, tachycardia, pallor, palpitations, phlebitis, 
ECG abnormality, ST elevation; Nervous System: Vertigo, hypertonia, paresthesia, dizziness, somno- 
lence; Digestive System: Dry mouth, anorexia, tooth disorder, eructation; Skin and Appendages: 
Sweating, urticaria, skin hypertrophy (nevus); Respiratory System: Epistaxis, bronchitis, respiratory 
disorder; Urogenital System: Cystitis, kidney calculus, impotence, dysmenorrhea, vaginitis, prostate 
disease; Metabolic and Nutritional Disorders: Gout, edema; Musculoskeletal System: Arthralgia, bur- 
sitis, bone pain; Hemic and Lymphatic Systems: Lymphadenopathy; Body as a Whole: Pain, unevalu- 
able reaction, neck pain, neck rigidity, fever, chest pain, malaise; Special Senses: Amblyopia (blurred 
vision), ear pain. 

OVERDOSAGE OR EXAGGERATED RESPONSE 

Overdosage experience with oral diltiazem hydrochloride has been limited. The administration of 
ipecac to induce vomiting and activated charcoal to reduce drug absorption have been advocated as 
initial means of intervention. In addition to gastric lavage, the following measures should also be 
considered: 

Bradycardia: Administer atropine (0.60 to 1.0 mg). If there is no response to vagal blockade, adminis- 
ter isoproterenol cautiously. 

High-Degree AV Block: Treat as for bradycardia above. Fixed high-degree AV block should be treated 
with cardiac pacing. 

Cardiac Failure: Administer inotropic agents (dopamine or dobutamine) and diuretics. 

Hypotension: Vasopressors (e.g. dopamine or levarterenol bitartrate). 

Actual treatment and dosage should depend on the severity of the clinical situation as well as the 
judgment and experience of the treating physician. 

Due to extensive metabolism, plasma concentrations after a standard dose of diltiazem can vary over 
tenfold, which significantly limits their value in evaluating cases of overdosage. 

Charcoal hemoperfusion has been used successfully as an adjunct therapy to hasten drug elimina- 
tion. Overdoses with as much as 10.8 gm of oral diltiazem have been successfully treated using 
appropriate supportive care. 


CAUTION: FEDERAL (U.S.A.) LAW PROHIBITS DISPENSING WITHOUT PRESCRIPTION. 


Please see product circular for full prescribing information. 
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CORONARY ARTERY DISEASE 
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Effect of Coronary Angioplasty on Late Potentials One to Two 
Weeks After Acute Myocardial Infarction 

James D. Boehrer, D. Brent Glamann, Richard A. Lange, John E. Willard, 
Walter C. Brogan, Ill, Eric J. Eichhorn, Paul A. Grayburn, Azam Anwar, 
and L. David Hillis 


This study was performed to assess the effect of mechanical restoration of 
anterograde flow 6 to 15 days after myocardial infarction on signal- 
averaged electrocardiographic late potentials in survivors of infarction 
with an occluded infarct artery. In 12 subjects with late potentials, coro- 
nary angioplasty restored anterograde flow in 7 (group I), and the other 5 
were managed conservatively (group II). Three to 7 months after angio- 
graphy /angioplasty, late potentials resolved in all group I subjects but in 
none of 5 group II patients. Thus, the mechanical restoration of antero- 
grade perfusion in an occluded infarct artery 1 to 2 weeks after myocardial 
infarction causes the resolution of signal-averaged electrocardiographic 
late potentials. 


i.) IARI PE aly E A ey ieee cei E 
Percutaneous Transluminal Coronary Angioplasty Without 
On-Site Surgical Facilities 

W. Peter Klinke and William Hui 


Recommendations for the management of complications of percutaneous 
transluminal coronary angioplasty (PTCA) include the mandatory pres- 
ence of an on-site cardiac surgical team. Since 1981, PTCA was per- 
formed without the benefit of on-site surgery, but with backup surgery 
available at a regional cardiac surgery center. In all, 847 PIC As were 
performed in 762 patients, most of whom had 1-vessel angioplasty 
(94.6%). The primary success rate through 1991 was 76%, increasing to 
87% in the last 2 years. Death occurred in 7 patients (0.9%), myocardial 
infarction in 16 (2.1%) and occlusion or dissection needing emergency 
surgery in 12 (1.6%). All patients undergoing surgery survived, but 42% 
developed a new myocardial infarction. It is concluded that PTCA with- 
out on-site surgery can be performed safely if backup surgery is available 
at a nearby cardiac surgical center. 
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Results of Coronary Angioplasty Using the Transluminal 
Extraction Catheter 

Jeffrey J. Popma, Martin B. Leon, Gary S. Mintz, Kenneth M. Kent, 
Lowell F. Satler, Timothy J. Garrand, and Augusto D. Pichard 





To evaluate the procedural outcome after coronary angioplasty using the 
transluminal extraction catheter (TEC) in patients with complex lesion 
anatomy, the experience in 51 patients undergoing this procedure was 
reviewed. One or more adverse lesion features were present in 45 patients 
(88%) and =2 adverse features were present in 38 (74%). Procedural 
success was obtained in 42 patients (82%); major complications occurred 
in 7 (14%). Distal embolization developed in 5 patients (10%). Only lesion 
thrombus was correlated with an adverse outcome. After TEC use, per- 
cent diameter stenosis was reduced from 76 + 13 to 50 + 22% (p <0.001). 
Adjunct balloon angioplasty was used in 44 procedures (86%), further 
reducing the percent diameter stenosis to 32 + 22% (p <0.001). High- 
frequency intracoronary ultrasound was also performed in 11 patients 
after TEC use, demonstrating plaque fissuring and residual plaque in 
virtually all lesions; intraluminal dissections were also noted in 4 (36%). 
During the follow-up period, 7 of 17 patients who developed recurrent 
symptoms were treated with repeat revascularization. It is concluded that 
coronary angioplasty using TEC may be a useful alternative to balloon 
angioplasty in patients with complex anatomy. 


1533 

Clinical Success, Complications and Restenosis Rates with 
Excimer Laser Coronary Angioplasty 

John A. Bittl, Timothy A. Sanborn, James E. Tcheng, Robert M. Siegel, 
and Stephen G. Ellis, for the Percutaneous Excimer Laser Coronary 
Angioplasty Registry 


In a large multicenter trial, 764 patients underwent treatment with ex- 
cimer laser coronary angioplasty for a wide range of lesion types, produc- 
ing a clinical success rate of 86%, a major complication rate of 7.6%, and 
an overall restenosis rate of 46%. Relative risk analysis was used to define 
the lesion types that show the greatest benefit with excimer laser treat- 
ment. Comparison of excimer laser with balloon angioplasty results from 
the literature has further identified 6 lesions types (saphenous vein graft 
lesions, long lesions, ostial lesions, calcified stenoses, total occlusions and 
unsuccessful balloon dilatations) that merit direct comparison with bal- 
loon angioplasty. 


1540 

Prediction of Risk for Hemodynamic Compromise During 
Percutaneous Transluminal Coronary Angioplasty 

Bruce A. Bergelson, Alice K. Jacobs, L. Adrienne Cupples, Nicholas A. 
Ruocco, Jr., Michael G. Kyller, Thomas J. Ryan, and David P. Faxon 


To improve the ability to predict hemodynamic compromise in patients 
undergoing percutaneous transluminal coronary angioplasty (PTCA), the 
clinical and angiographic characteristics of 157 patients (group A) were 
retrospectively reviewed. Multivariate analysis of 28 clinical and angio- 
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graphic variables found multivessel disease, diffuse disease, myocardium 
at risk, and pre-PTCA stenosis to be independent predictors of hemody- 
namic compromise. Based on this analysis, a 13-point weighted scoring 
system was created. To validate the scoring system, it was prospectively 
applied to 61 consecutive patients (group B). Defining high risk for hemo- 
dynamic compromise as a risk score 24, this scoring system had a sensitiv- 
ity of 92% and a specificity of 92%. In comparison, left ventricular ejection 
fraction <35% had a sensitivity of 6%, and >50% viable myocardium at 
risk had a 13% sensitivity in group B patients. It is concluded that this 
scoring system substantially improves the ability to predict hemodynamic 
compromise during PTCA with a high sensitivity and specificity. 


1546 

Classification of Morphologic Effects of Percutaneous 
Transluminal Coronary Angioplasty Assessed by Intravascular 
Ultrasound 

Thomas C. Gerber, Raimund Erbel, Günter Gorge, Jumbo Ge, Hans- 
Jargen Rupprecht, and Jürgen Meyer 


Immediately after percutaneous transluminal coronary angioplasty 
(PTCA), 58 patients were examined using a 4.8Fr, 20 MHz rotational tip 
intravascular ultrasound (IU) system. The images of 48 PTCA segments 
(left anterior descending artery [n = 30], right coronary artery [n = 17], 
left main coronary artery [n = 1]), and 41 distal and 44 proximal coronary 
artery segments were analyzed for presence of calcium, plaque morpholo- 
gy and dissections. Measurements of minimal and maximal luminal diam- 
eters and of the areas of the lumen, plaque and vessel were obtained. 
Residual stenosis and recoil were calculated. Calcium was present in 67% 
of PTCA segments; plaque morphology was concentric in 38% and eccen- 
tric in 62%. Seven distinct morphologic patterns were observed and classi- 
fied according to plaque morphology and mechanism of dilatation. In the 
PTCA segment, minimal luminal diameter was 3.5 + 0.7 mm, maximal 
lumen diameter 4.3 + 0.8 mm, lumen area 11.8 + 4.1 mm’, plaque area 
9.6 + 5.5 mm? and vessel area 23.1 + 6.9 mm?. Mean residual stenosis 
was 40%, mean recoil was —13%, and the correlation between luminal 
diameter and balloon size was low (r = 0.18). 


1555 

Comparison of Painful and Painless Left Ventricular 
Dysfunction Recorded During Ambulatory Ventricular Function 
Monitoring in Angina Pectoris Secondary to Coronary Artery 
Disease 

Junichi Taki, Tsunehiro Yasuda, Scott D. Flamm, Adolph Hutter, Herman 
K. Gold, Robert Leinbach, and H. William Strauss 


Left ventricular (LV) function and the electrocardiogram of 55 patients 
with coronary artery disease and angina were monitored for a mean of 3.2 
+ 1.9 hours with an ambulatory LV function monitor. During the moni- 
toring interval, patients performed daily activities. Thirteen symptomatic 
and 47 asymptomatic episodes of transient reduction in ejection fraction of 
>5% lasting >60 seconds were observed in 24 patients. Asymptomatic 
episodes had a shorter duration of ventricular dysfunction (116 + 49 vs 
189 + 113 seconds; p <0.05), and smaller increases in relative end- 
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diastolic (0.9 + 5.4% vs 4.6 + 4.9%; p <0.05) and end-systolic (21 + 11% 
vs 35 + 20%; p <0.05) volumes than did symptomatic ones. The data 
suggest that asymptomatic transient LV dysfunction is less severe and of 
shorter duration in patients with angina pectoris. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


SUG SE EE ok Er 
Variable Location of Accessory Pathways Associated with the 
Permanent Form of Junctional Reciprocating Tachycardia and 
Confirmation with Radiofrequency Ablation 

Baruch S. Ticho, J. Philip Saul, J. Edward Hulse, Wang De, Janice Lulu, 
and Edward P. Walsh 


Permanent junctional reciprocating tachycardia (PJRT) occurs primarily 
in infants, children and young adults and causes nearly incessant tachycar- 
dia that is frequently refractory to pharmacologic treatment. Previous 
nonpharmacologic therapy has included surgical or direct-current abla- 
tion of either the His bundle or the accessory pathway. This report de- 
scribes the successful radiofrequency ablation of accessory pathways in 8 
patients with PJRT. A new finding was that 5 of the 8 pathway locations, 
as identified by the site of successful ablation, were not in the typical 
posteroseptal region. The implications of accessory pathway locations in 
PJRT in a variety of positions along the tricuspid and mitral annuli are 
discussed. 


1565 
Detection of Left Anterior Descending Coronary Artery 
Disease in Patients with Left Bundle Branch Block 

A. Cahid Civelek, Ibrahim Gozukara, Krzysztof Durski, Mehmet A. 
Ozguven, Jeffrey A. Brinker, Jonathan M. Links, Edwaldo E. Camargo, 
Henry N. Wagner, Jr., and John T. Flaherty 





A new method of quantification of thallium-201 single-photon emission 
computed tomographic images has been developed that better distin- 
guishes patients with left bundle branch block (BBB) and left anterior 
descending (LAD) stenosis from those with left BBB alone. Septal abnor- 
mality scores on stress images were 0.8 + 21.6 for 8 normal subjects 
(group I), 26.7 + 43.3 for 8 patients with left BBB alone (group II) and 
165 + 67 for 12 patients with left BBB and significant LAD stenosis 
(group III) (p = 0.15 for group I vs II, and p <0.0001 between groups I 
and III, and II and III). On delayed images, septal abnormality scores 
were 0.9 + 25, 3.2 + 30.8, and 101 + 51 for groups I, II and III, 
respectively (p = not significant for group I vs II, and p <0.0001 for group 
I vs III, and II vs III). Thus, with this technique, patients with left BBB 
and LAD stenosis had a significantly greater reduction in septal thallium 
activity on stress images than did those with left BBB alone. 
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SYSTEMIC HYPERTENSION 


r A y st i a TE ee 
Comparison of Sustained-Release Formulations of Nicardipine 
and Verapamil for Mild to Moderate Systemic Hypertension 
Alan H. Gradman, William H. Frishman, Paul M. Kaihlanen, Suzanna C. 
Wong, and Karen J. Friday 


The efficacy of 2 sustained-release (SR) calcium antagonists was com- 
pared in the treatment of mild to moderate hypertension. All 3 regi- 
mens — verapamil-SR 240 mg once daily, nicardipine-SR 45 mg twice 
daily, and nicardipine-SR 60 mg twice daily — significantly reduced sys- 
tolic and diastolic blood pressures. The efficacy of the drugs became 
apparent during the second week of treatment and was sustained through- 
out the 12-week study. Nicardipine-SR 60 mg was more effective than 
verapamil-SR 240 mg, which was equivalent in efficacy to nicardipine-SR 
45 mg. Asthenia and constipation occurred more often with verapamil, 
and headache and edema were more frequent with nicardipine, but the 
rates of these adverse events were not significantly different. Verapamil 
but not nicardipine produced significant reductions in heart rate. 


CONGESTIVE HEART FAILURE 


1576 

Comparison of Different Methods for Assessing 
Sympathovagal Balance in Chronic Congestive Heart Failure 
Secondary to Coronary Artery Disease 

Stamatis Adamopoulos, Massimo Piepoli, Alastair McCance, Luciano 
Bernardi, Alberto Rocadaelli, Oliver Ormerod, Colin Forfar, Peter Sleight, 
and Andrew J. S. Coats 


Twenty-five patients with stable, moderate to severe, ischemic congestive 
heart failure (CHF) (New York Heart Association class II/III) were 
studied to evaluate the ability of different methods to characterize auto- 
nomic tone in chronic CHF. Sympathovagal balance was assessed by 24- 
hour, daytime and nighttime heart rate, submaximal heart rate during 
upright bicycle exercise, heart rate variability in the time domain (assessed 
by the SD of RR intervals) and in the frequency domain (assessed by low- 
[0.03 to 0.14 Hz] and high- [0.18 to 0.40 Hz] frequency components of 
heart rate variability by autoregressive power spectral analysis), and ra- 
diolabeled norepinephrine spillover. With the exception of the expected 
inverse correlation between low and high frequency (r = —0.92; p 
<0.001), the methods correlated nonsignificantly with each other and 
with peak oxygen uptake, exercise tolerance and ejection fraction. After 8 
weeks of physical training at home, although all methods showed improve- 
ment in autonomic balance, the individual measures of autonomic func- 
tion after training showed no significant correlation with each other. In 
CHF, the individual parameters of autonomic control did not correlate 
well with each other, reflecting the different aspects of circulatory control 
that they measure. A comprehensive description of autonomic tone neces- 
sitates multiple complementary methods. 
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Noninvasive Detection of Left Ventricular Diastolic Dysfunction 
Using M-Mode Echocardiography to Assess Left Ventricular 
Posterior Wall Kinetics in Hypertrophic Cardiomyopathy 

Yutaka Yoneda, Michihiro Suwa, Hisashi Hanada, Yuzo Hirota, and 
Keishiro Kawamura 


Three distinctly different patterns of left ventricular (LV) posterior mo- 
tion in late systole and early diastole were found by M-mode echocardiog- 
raphy in patients with hypertrophic cardiomyopathy. Posterior wall mo- 
tion pattern was classified into the following 3 types: (1) normal, (2) flat 
and (3) downward. Although there were no apparent differences in the 
severity or type of hypertrophy, LV systolic function and pulsed Doppler 
indexes of LV filling among these 3 groups, LV end-diastolic pressure was 
increased in the groups with flat and downward motion, and the indexes of 
LV relaxation and early diastolic filling showed a stepwise deterioration 
from normal to flat and then to downward motion. Determination of the 
pattern of LV posterior wall motion appears to be useful for assessing the 
presence and severity of LV diastolic dysfunction, especially during relax- 
ation and early diastolic filling. 


1589_ = — — — 
Magnetic Resonance Imaging in Right Ventricular Dysplasia 
Claudio Ricci, Renata Longo, Lorenzo Pagnan, Ludovico Dalla Palma, 
Bruno Pinamonti, Fulvio Camerini, Rossana Bussani and Furio Silvestri 


Fifteen patients with right ventricular dysplasia were investigated by 
magnetic resonance imaging (MRI). Both morphologic and functional 
images were obtained. In 8 patients, 3 investigators independently recog- 
nized abnormally hyperintense areas in the anatomic sites usually affected 
by the disease. In 7 patients, these areas showed an overlap with a- 
dyskinetic areas imaged by both MRI and echocardiography. MRI find- 
ings were also compared with those observed in 15 patients with dilated 
cardiomyopathy. In 1 patient who underwent a cardiac transplant, in vitro 
MRI of the heart showed an excellent correlation with the in vivo findings. 
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Maxepa Versus Bezafibrate in Hyperlipidemic Cardiac 
Transplant Recipients 

Mahmoud Barbir, Beverley Hunt, Sudhir Kushwaha, Anne Kehely, Robin 
Prescot, Gilbert R. Thompson, Andrew Mitchell, and Magdi Yacoub 


In an open, randomized study, the efficacy and safety of bezafibrate (400 
mg/day) and fish oil (Maxepa) (10 g/day) for 3 months were compared 
in 87 cardiac transplant recipients with serum total cholesterol >6.5 or 
triglycerides >2.8 mmol/liter, or both. After 1 month, bezafibrate re- 
duced total cholesterol by 13%, low-density lipoprotein cholesterol by 20% 
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and apolipoprotein B by 13%. It also increased apolipoprotein Al and 
high-density lipoprotein cholesterol by 12 and 20%, respectively, and 
significantly reduced fibrinogen at 3 months. Maxepa had no significant 
effect on these variables, but was as effective as bezafibrate in reducing 
triglycerides, (36 and 31%, respectively). Both drugs increased lipoprotein 
(a) to a similar extent, and bezafibrate significantly increased serum 
creatinine. The results suggest that bezafibrate has better lipid-, apolipo- 
protein- and hemostatic modifying properties than does Maxepa, but its 
potentially adverse effect on renal function needs further investigation. 
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Effect of Coronary Angioplasty on Late 
Potentials One to Two Weeks After 
Acute Myocardial Infarction 
James D. Boehrer, MD, D. Brent Glamann, MD, Richard A. Lange, MD, 


John E. Willard, MD, Walter C. Brogan, Ill, MD, PhD, Eric J. Eichhorn, MD, 
Paul A. Grayburn, MD, Azam Anwar, MD, and L. David Hillis, MD 


in survivors of acute myocardial infarction (AMI), 


the restoration of anterograde flow in the infarct 
artery, even if accomplished beyond the time for 
myocardial salvage, may reduce the frequency of 
subsequent arrhythmic events and sudden death. 
Twelve subjects (8 men and 4 women, aged 39 to 
69 years) with a first AMI, signal-averaged elec- 
trocardiographic late potentials, and an occluded 
infarct artery were prospectively identified. Seven 
(group I) had successful coronary angioplasty 6 to 
15 days after AMI, and 5 (group Il) were managed 
conservatively. Follow-up signal-averaged electro- 
cardiography was performed 3 to 7 months later. 
From baseline to follow-up, the 7 group I subjects 
had a significant change in QRS duration (117 + 
13 [mean + SD] to 102 + 10 ms), root-mean- 
square voltage (10.4 + 4.7 to 31.0 + 7.6 4V), and 
low-amplitude signal duration (47.5 + 8.5 to 32.4 
+ 5.2 ms) (p <0.05 for all 3 variables). No group | 
patient had a late potential at follow-up. In con- 
trast, the 5 group Il patients showed no change in 
QRS duration or low-amplitude signal duration 
from baseline to follow-up, and all 5 had a late po- 
tential at follow-up. At follow-up, the root-mean- 
square voltage was significantly greater and the 
low-amplitude signal and QRS durations signifi- 
cantly less in group | than in group Il (p <0.05 for 
all 3 variables). Thus, in our patients, the mechan- 
ical restoration of anterograde perfusion in an oc- 
cluded infarct artery 1 to 2 weeks after AMI 
caused the resolution of signal-averaged electro- 
cardiographic late potentials. 

(Am J Cardiol 1992;70:1515-1519) 


From the Department of Internal Medicine (Cardiovascular Division), 
the University of Texas Southwestern Medical Center, and the Cardiac 
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ter, Dallas, Texas. Manuscript received June 18, 1992; revised manu- 
script received and accepted July 22, 1992. 

Address for reprints: L. David Hillis, MD, Room CS 7.102, Univer- 
sity of Texas Southwestern Medical Center, 5323 Harry Hines Boule- 
vard, Dallas, Texas 75235. 


(AMI), long-term survival is better in those with 

anterograde flow in the infarct artery than in those 
whose artery is occluded.'-> Patients with an occluded 
infarct artery are more likely than those with a patent 
artery to have late potentials by signal-averaged electro- 
cardiography.*» In survivors of AMI, these late poten- 
tials identify those at risk of subsequent arrhythmic 
events and sudden death.67 Other reports? have shown 
that survivors of AMI whose infarct artery has antero- 
grade flow are unlikely to have inducible ventricular 
tachyarrhythmias, whereas the absence of anterograde 
flow is frequently accompanied by provocable ventricu- 
lar tachycardia and fibrillation. It is possible, therefore, 
that the restoration of anterograde flow in the infarct 
artery, even if accomplished days or weeks after the 
acute event, may improve survival by diminishing elec- 
trical instability. This study was performed to test the 
hypothesis that the mechanical restoration of antero- 
grade flow in an occluded infarct artery 1 to 2 weeks 
after AMI causes a resolution of signal-averaged elec- 
trocardiographic late potentials. 


I: survivors of a first acute myocardial infarction 


METHODS 

Patient population: From November 1990 to Febru- 
ary 1992 we identified 127 patients admitted to Park- 
land Memorial Hospital (n = 58), the Veterans Admin- 
istration Medical Center (n = 37), or Baylor University 
Medical Center (n = 32), Dallas, Texas, with evidence 
of a first AMI. Subjects with bundle branch block, pre- 
vious AMI, ventricular preexcitation, intraventricular 
conduction delay, ventricular-paced rhythm, and those 
receiving amiodarone or type IC antiarrhythmic agents 
were excluded. Patients were enrolled if they had (1) a 
late potential on signal-averaged electrocardiography 
(performed 3 to 15 days after AMI) and (2) an occlud- 
ed infarct artery on coronary angiography (performed 1 
to 13 days after AMI). Coronary angiography was per- 
formed before signal-averaged electrocardiography in 5 
patients and afterward in the other 7 (Table I). No rig- 
id chronologic relation between angiographic and sig- 
nal-averaged electrocardiographic studies was required 
provided that signal-averaged electrocardiography was 
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performed within 3 to 15 days of AMI. Patients with 
continuing angina were offered angioplasty of the oc- 
cluded artery for symptom relief. The remaining sub- 
jects were assigned randomly to angioplasty (group I) 
versus no angioplasty (group II). For each group I sub- 
ject, the benefits and risks of angioplasty were explained 
and each gave written informed consent. Each patient 
was seen regularly over the ensuing months. A signal- 
averaged electrocardiogram was repeated 3 to 7 months 
after AMI and compared with baseline. 

Signal-averaged electrocardiography: Signal-av- 
eraged electrocardiography was performed with the 
Predictor Signal Averaging Electrocardiogram System 
(Corazonix Corp, Oklahoma City, Oklahoma), accord- 
ing to methods described previously.* A late potential 
was prospectively defined as =2 of the following: (1) a 
root-mean-square voltage <20 uV in the terminal 40 ms 
of the QRS, (2) a low-amplitude signal duration >38 
ms, and (3) a QRS duration >114 ms.!° The signal- 
averaged electrocardiograms were not overread, and the 
computer-derived tracings were not adjusted manually. 
No patient received medications known to alter the sig- 
nal-averaged electrocardiogram. 

Coronary angiography: Anterograde flow in the in- 
farct artery was graded in accordance with the criteria 
of the Thrombolysis in Myocardial Infarction investiga- 
tors.!! To be eligible for enrollment, all patients had 
Thrombolysis in Myocardial Infarction trial grade 0 
perfusion on the baseline angiogram. Collateral flow to 
the distal infarct artery was judged as present or absent. 
Left ventricular ejection fraction was determined by 
standard techniques from single plane ventriculography. 

Statistical analysis: All data are reported as mean + 
1 standard deviation (SD). For each group, the root- 
mean-square voltage, low-amplitude signal duration, 
and QRS duration before and 3 to 7 months after an- 
giography/angioplasty were compared with a paired t 
test. At baseline and follow-up, those undergoing angio- 
plasty (group I) and those treated without angioplasty 
(group II) were compared with Student’s ¢ test. For all 
analyses, a p value <0.05 was considered significant. 


RESULTS 

Patient characteristics: Twelve patients (8 men and 
4 women, aged 39 to 69 years) fulfilled the entrance 
criteria (Table I). Three were offered angioplasty be- 
cause of postinfarction angina. Of the other 9, 4 were 
assigned randomly to angioplasty versus 5 to no angio- 
plasty. The 7 subjects had successful angioplasty (resid- 
ual stenosis <50% luminal diameter narrowing) 11 + 3 
(range 6 to 15) days after AMI and formed group I; the 
5 who were managed without angioplasty formed group 
II. The 2 groups were similar in age, sex, infarct artery, 
and left ventricular ejection fraction (Table I). 

Signal-averaged electrocardiography: Signal-aver- 
aged electrocardiography was performed 8 + 4 (range 3 
to 15) days after AMI. In the patients who underwent 
angioplasty (group I), follow-up signal-averaged elec- 
trocardiography showed resolution of late potentials in 
all 7: root-mean-square voltage increased (Figure 1), 
low-amplitude signal duration decreased (Figure 2), 


and QRS duration decreased (Figure 3) (p <0.05 for 
all 3 variables) (Table I). 

In contrast, in the 5 group II patients, follow-up sig- 
nal-averaged electrocardiography showed no significant 
change in low-amplitude signal duration (Figure 2) or 
QRS duration (Figure 3) when compared with baseline. 
Although the root-mean-square voltage increased from 
baseline to follow-up, the average value at follow-up 
was below the lower limit of normal (Figure 1). Of the 
5 group II patients, all retained a late potential at fol- 
low-up. At follow-up, the root-mean-square voltage was 
greater and the low-amplitude signal and QRS dura- 
tions less in group I than in group II (Table I; Figures 1, 
2 and 3). 

Coronary angiography: At baseline, collateral flow 
to the distal infarct artery was present in 6 of 7 group I 
patients and in all 5 group II subjects (p = not signifi- 
cant [NS]). Coronary artery disease (270% luminal di- 
ameter narrowing) in vessels other than the infarct ar- 
tery was present in 3 group I patients and in 2 group Il 
subjects (p = NS). Two patients in each group received 
intravenous thrombolytic therapy (p = NS). 


DISCUSSION 

The mechanical restoration of anterograde flow in 
an occluded infarct artery 6 to 15 days after AMI 
causes a resolution of signal-averaged electrocardio- 
graphic late potentials, whereas late potentials persist in 
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FIGURE 1. Root-mean-square voltage, in microvolts, at base- 
line and follow-up for the 7 patients who had angioplasty 
(group I, Jeff) and the 5 not having angioplasty (group Il, 
right). Each line represents data from 1 patient, and mean + 
1 SD is shown on either side of each set of lines. Dotted lines 
denote lower limit of normal (20 4V). In group I, the root- 

; at follow-up, it 


creased 

<20 „V in 4 of 5 patients. *p <0.05 compared with baseline 
and the other group at follow-up. PTCA = percutaneous trans- 
luminal coronary angioplasty. 
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survivors of AMI in whom anterograde flow is not re- 
stored. 

Signal-averaged electrocardiographic late potentials 
arise from areas where normal myocytes interdigitate 
with fibrotic or ischemic cells, or both.!>!3 When such 
areas are surgically excised, the signal-averaged electro- 
cardiogram reverts to normal.'4 In survivors of AMI, 
late potentials are predictive of inducible and spontane- 
ous ventricular tachycardia, an arrhythmic event within 
the first year, and sudden cardiac death.'>-!’ After 
AMI, late potentials are usually found in subjects whose 
infarct artery is occluded.*° 

Although several studies have examined the natural 
history of late potentials in survivors of AMI,’!®!° the 
data are difficult to interpret because of differences in 
patient populations, definitions of late potentials, and 
elapsed time from AMI to signal-averaged electrocardi- 
ography. In a few survivors of AMI, a late potential 
that is present 1 to 2 weeks after the event resolves over 
the ensuing months. In our 5 group II subjects, follow- 
up signal-averaged electrocardiography was performed 
127 + 49 days after AMI. Compared with baseline, the 
root-mean-square voltage remained abnormal in 4 of 
the 5 patients (Figure 1), and the low-amplitude signal 
duration (Figure 2) and QRS duration (Figure 3) re- 
mained prolonged in all 5. In contrast, these variables 
were in the normal range on the follow-up study in 6 or 
7 of the group I subjects (Table I; Figures 1, 2 and 3). 

The mechanism(s) by which the restoration of anter- 
ograde flow in the infarct artery causes a resolution of 
late potentials are unclear. In survivors of AMI, a pat- 
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FIGURE 2. Low-amplitude signal duration, in milliseconds, at 
baseline and follow-up for the 7 patients who had angioplasty 
(group I, Jeff) and the 5 not having angioplasty (group Il, 
right). Each line represents data from 1 patient, and mean + 
1 SD is shown on either side of each set of lines. Dotted lines 
denote upper limit of normal (38 ms). In group I, the low-am- 
plitude signal duration decreased significantly; at follow-up, it 
was in the normal range in 6 patients; in group Il, it was simi- 
lar at baseline and follow-up, and remained >38 ms in all 5. 
*p <0.05 compared with baseline and group H at follow-up. 
PTCA = percutaneous transluminal coronary angioplasty. 
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ent infarct artery appears to diminish the extent of in- 
farct expansion and left ventricular remodeling after 
AMI.”°2! The process of remodeling begins with thin- 
ning and lengthening of the infarcted segment in the 
hours to days after the event (infarct expansion), after 
which lengthening of the noninfarcted segments occurs 
in the ensuing weeks to months 2727 When these pro- 
cesses are extensive, a left ventricular aneurysm may 
result, often providing a substrate for ventricular 
tachyarrhythmias.’ In survivors of AMI, aneurysm for- 
mation is seen more often in subjects with an occluded 
infarct artery.2+-*° The mechanical restoration of anter- 
ograde perfusion may alter the anatomic substrate for 
ventricular arrhythmias by limiting the magnitude of 
left ventricular remodeling. Alternatively, the restora- 
tion of anterograde flow in the infarct artery may favor- 
ably alter the electrophysiologic characteristics of the 
border zone.”! Since several studies failed to demon- 
strate changes in the signal-averaged electrocardiogram 
during myocardial ischemia,” -2 we included our 3 pa- 
tients with postinfarction angina in group I. 

Study limitations: First, although it was conducted 
at 3 large hospitals over 16 months, only 12 subjects 
met the stringent enrollment criteria: survivors of a first 
AMI with a late potential 3 to 15 days afterwards and 
angiographic evidence of an occluded infarct artery. 
Currently, many patients with AMI receive thrombolyt- 
ic therapy, so that anterograde perfusion of the infarct 
artery is quickly restored pharmacologically. Ideally, 
our data should be confirmed in a larger patient cohort. 
Second, because we do not have angiographic informa- 
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FIGURE 3. QRS duration, in milliseconds, at baseline and fol- 
low-up for the 7 subjects who had angioplasty (group I, lef?) 
and the 5 not having angioplasty (group Il, right). Each line 
represents data from 1 patient, and mean + 1 SD is shown on 
either side of each set of lines. Dotted lines denote upper limit 
of normal (114 ms). In group I, the QRS duration decreased 
significantly; at follow-up, it was in the normal range in all 7 
subjects. In group Il, it was unchanged from baseline to fol- 
low-up, and it remained >114 ms in all 5 subjects. *p <0.05 
compared with baseline and group Il at follow-up. PTCA = 
percutaneous transluminal coronary angioplasty. 
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tion at the time of follow-up signal-averaged electrocar- 
diography, we cannot correlate the electrocardiographic 
and angiographic results at this point in time. Similarly, 
we did not reassess left ventricular performance or ge- 
ometry. Third, although the restoration of anterograde 
perfusion in the infarct artery causes resolution of late 
potentials, it is unknown if this will result in improved 
long-term survival. This possibility awaits the results of 
a prospective, randomized trial in which survival is the 
end point. At the same time, our study has strengths. 
First, it was performed prospectively. Second, only 3 of 
the 12 patients were offered angioplasty because of 
postinfarction angina; the other 9 were assigned ran- 
domly to angioplasty or no angioplasty. 

Our findings may have profound implications re- 
garding the manner in which survivors of AMI are 
managed after the acute event. The restoration of anter- 
ograde flow in the infarct artery — accomplished days 
or even weeks after AMI — may improve survival by 
reducing the propensity for an arrhythmic event. If this 
is true, coronary angiography should be performed rou- 
tinely in survivors of AMI within 1 to 2 weeks, so that 
those with an occluded infarct artery are identified and 
encouraged to undergo mechanical restoration of anter- 
ograde perfusion. This possibility awaits confirmation in 
a large, properly-designed prospective trial. 
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Percutaneous Transluminal Coronary 
Angioplasty Without On-Site Surgical Facilities 


W. Peter Klinke, MD, and William Hui, MB, BS 


Percutaneous transluminal coronary angioplasty 
(PTCA) is associated with a low risk of serious 
complications, the most important of which is 
acute coronary occlusion needing emergency sur- 
gery. There is a consensus among many cardiolo- 
gists and cardiac surgeons that all PTCA proce- 
dures need on-site surgical backup. A task force 
report on PTCA by the American College of Car- 
diology/American Heart Association mandates the 
presence of an on-site cardiovascular surgical 
team. Since 1981, we have performed PTCA with- 
out the benefit of on-site surgery but with backup 
surgery provided at a regional cardiac surgical 
center located 6 kilometers away. Up to the end of 
1991, 762 patients have undergone 847 PTCAs. 
Most patients had 1-vessel angioplasty (94.6%). 
The primary success rate since 1981 was 76%, 
and from January 1990 to December 1991 it was 
87% (n = 313). Complications included death in 7 
patients (0.9%), myocardial infarction in 16 
(2.1%) and emergency surgery in 12 (1.6%). Sur- 
gical backup was provided on a next available op- 
erating room basis. The average time from deci- 
sion to transfer to onset of surgery was 164 min- 
utes (range 75 to 320). All patients survived 
surgery, but 42% developed a new Q-wave myo- 
cardial infarction. These patients were followed up 
until the end of 1991, and are all alive. The re- 
sults are similar to those reported from centers 
with and without on-site surgery. With careful se- 
lection of patients and a formal, coordinated plan 
for backup surgery, PTCA can be safely per- 
formed without on-site surgery. 

(Am J Cardiol 1992;70:1520-1525) 
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transluminal coronary angioplasty (PTCA) as a 

method of treating coronary heart disease has re- 
sulted in the increasingly widespread use of this proce- 
dure throughout the world. In the United States, ap- 
proximately 1 million PTCAs have been performed and 
now surpass (on a yearly basis) the number of coronary 
artery bypass surgeries. A successful PTCA procedure 
usually improves angina symptoms and functional sta- 
tus often associated with long-term benefit in many pa- 
tients.? PTCA is associated with a low risk of serious 
complications, the most important of which is acute cor- 
onary occlusion. In the presence of well-developed col- 
lateral circulation, the consequences may be minimal. 
However, many patients will have severe angina and 
evolving myocardial infarction, shock and even death. 
Recently, the Subcommittee on Coronary Angioplasty 
of the American College of Cardiology/American 
Heart Association published guidelines concerning per- 
formance standards for PTCA. Recommendations for 
management of complications of PTCA included the 
mandatory presence of an on-site cardiovascular surgi- 
cal team. A recent report of PTCA complications oc- 
curring in a hospital without on-site surgery encouraged 
us to review and report our own 10-year experience.4 


Tr prevalence and acceptance of percutaneous 


METHODS 

Patient population: PTCA is performed at 2 teach- 
ing hospitals in Edmonton: the University of Alberta 
Hospitals, and the Royal Alexandra Hospital. From 
July 1981 to December 1991, 762 patients underwent 
PTCA at the Royal Alexandra Hospital. Patient selec- 
tion included those with stable angina pectoris undergo- 
ing elective PTCA, and those needing urgent PTCA for 
unstable angina, developing acute myocardial infarc- 
tion, postmyocardial infarction angina and postthrom- 
bolytic therapy. In most cases, historical and angio- 
graphic findings were reviewed by weekly cineangio- 
grams, and a consensus was needed as to the appro- 
priateness of PTCA in each case. Furthermore, outside 
opinions from other angioplasty cardiologists and car- 
diovascular surgeons were sought in difficult cases. Pa- 
tients whose clinical or angiographic characteristics 
were thought to place them in a high-risk group or who 
would be more appropriately treated with atherectomy 
or stents were referred to other centers for PTCA. 

Data collection: Baseline demographic, angiograph- 
ic and procedural data including complications were 
recorded prospectively on standardized forms. Angio- 


grams before and after PTCA were qualitatively esti- ~ 


mated by an experienced angiographer. The maximal 
stenosis observed in multiple views was used as the pre- 
PTCA stenosis. Over the last 2 years, we classified these 
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stenoses into 4 groups according to a modification, sug- 
gested by Ellis et al" of the American College of Car- 
diology/American Heart Association classification of 
lesion morphology (types A, B1, B2 and C). A success- 
ful PTCA procedure was defined as a reduction of the 
predilatation stenosis by 250% or a residual stenosis 
<50%, or both. Only stenoses 270% were considered 
for PTCA. Procedural complications were recorded as 
they occurred in the catheterization laboratory, and pa- 
tients were followed for adverse events during their hos- 
pital stay. All patients undergoing emergency surgery 
were reviewed for operative results and were followed 
up to the end of 1991. 

Procedures: PTCA was performed through the fem- 
oral artery using standard techniques. All patients re- 
ceived aspirin and a calcium antagonist before PTCA. 
After successful puncture of the femoral artery, a 5 to 
10,000 unit bolus of heparin was given, followed by an 
infusion for =12 hours. All patients received intracoro- 
nary nitroglycerin (180 to 300 wg) before insertion of 
the balloon catheter, and repeat boluses were adminis- 
tered as needed. Intravenous nitroglycerin and heparin 
were continued overnight. All patients were monitored 
in the coronary care unit for 212 hours. Arterial and 
venous sheaths were removed on the following day. As- 
pirin was continued on a regular basis, and calcium an- 
tagonists were recommended for 1 month. 

Surgical backup: Cardiovascular surgical backup 
was provided by the University of Alberta Hospitals 
(our regional cardiac center) approximately 6 km from 
the Royal Alexandra Hospital. During the first 450 
PTCAs, we invariably contacted the cardiovascular sur- 
geon on call and informed him of our intent to perform 
an angioplasty. Any planned PTCA was cancelled if an 
operating room or postoperative bed was unavailable to 
immediately accept the patient. Because of frequent 
cancellations of PTCAs at both our own institution and 
the University of Alberta Hospitals, our policy changed 
so that PTCA could be performed without notification 
of the surgeons if they would provide emergency cover- 
age based on the next available operating room. Pa- 
tients were scheduled in the late morning or early after- 
noon to take advantage of the natural breaks occurring 
in surgical activity during the day. Patients were trans- 
ferred by ambulance with a doctor and nurse in atten- 


Right 251(29.6%) 


FIGURE 1. Coronary artery segment dis- 
tribution. LAD = left anterior descending; 
LC = left circumflex. 


LC 149(17.6%) 





dance. Depending on operating room availability, pa- 
tients were taken directly to the operating room or 
stabilized in the coronary care unit at the receiving hos- 
pital until an operating room was available. 

All major complications including death, myocardial 
infarction and need for revascularization were reviewed 
at the time of occurrence in regard to prevention and 
methods of management. 


RESULTS 

Between 1981 and 1991, 847 PTCAs were per- 
formed in 762 patients (591 men and 171 women, mean 
age 56 years). Seven hundred twenty-one patients 
(94.6%) had 1-vessel PTCA. The distribution of PTCA 
lesions is shown in Figure 1. Since 1990, 360 PTCAs 
have been performed. The American College of Cardi- 
ology/American Heart Association modified morpho- 
logic classification for these lesions is shown in Figure 2. 
On a lesion basis, the overall PTCA success rate was 
76%. The results of PTCA based on patient outcome 
are shown in Figure 3 (success rate 73%). The success 
rate has increased since 1990 (87% for 360 lesions in 
313 patients). Of these latter patients, 144 (46%) were 
classified as urgent (Oe, unstable angina, postmyocar- 
dial infarction or postthrombolytic therapy). In 35 pa- 
tients (4.6%), PTCA was complicated by death, need 
for emergency coronary bypass surgery, or myocardial 
infarction. The distribution of major complications from 
1981 to 1991 is shown in Table I. 

Deaths: Seven patients (0.9%) died within 24 hours 
of PTCA. Their clinical characteristics are listed in Ta- 
ble II. The first patient was a 46-year-old man with 
history of inferior infarct and angina after 2-vessel coro- 
nary artery bypass graft surgery of the left anterior de- 
scending and right coronary arteries. Coronary angiog- 
raphy showed a patent right coronary artery graft and a 
90% left anterior descending lesion with occluded graft. 
The patient was denied reoperation. The left anterior 
descending stenosis was crossed but could not be dilat- 
ed. Just before leaving the catheterization laboratory, 
the patient complained of chest pain and suddenly de- 
veloped ventricular fibrillation. Resuscitation was un- 
successful. Autopsy showed that the left anterior de- 
scending artery was patent, but a severe stenosis was 
still present. 


Graft 5(0.6%) 


LAD 440(51.9%) 
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The second patient, a 63-year-old woman, had angi- 
na and history of inferior myocardial infarction. Angi- 
ography showed 90% stenosis of a small right coronary 
artery, and a 95% eccentric mid-left anterior descending 
artery lesion. PTCA of the left anterior descending ar- 
tery was easy and successful. Immediately before leav- 
ing the catheterization laboratory, the patient developed 
ventricular tachycardia needing cardioversion. This was 
followed by electromechanical dissociation, and cardio- 
pulmonary resuscitation was commenced. Repeat coro- 
nary angiography showed complete occlusion of the 
mid-left anterior descending artery. The left anterior 
descending artery was successfully redilated, but the pa- 
tient could not be resuscitated. The left anterior de- 
scending artery was patent at autopsy. 

The third patient was a 77-year-old woman with un- 
stable angina. Coronary angiography showed 95% left 
circumflex, 70% left anterior descending, 60% diagonal 
and 50% right coronary artery stenoses. PTCA of the 
left circumflex was performed. The lesion became sub- 
totally occluded, associated with pain and ST-segment 
changes. The cardiac surgical facility at the University 
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FIGURE 2. American College of Cardiology /American Heart 
morphologic classification 
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of Alberta Hospitals was immediately contacted, but 
could not accept the patient in transfer, because of a 
case of postoperative bleeding needing urgent reexplora- 
tion. The patient remained severely hypotensive despite 
inotropes and intraaortic balloon pump. She was even- 
tually transferred 30 minutes later, but died in the 
emergency room of the University of Alberta Hospitals. 

The fourth patient was a 55-year-old woman with a 
non-Q-wave anterior myocardial infarction and unsta- 


TABLE I Major Complications 


Deaths Surgery Total 
Year Pts. (%) (%) MI (%) (%) 























1981 7 1 (14.3) O (0) O (0) 1 (14.3) 
1982 II O (0) 1 (9.1) O (0) 1 (9.1) 
1983 31 O (0) 3 (9.7) 2 (6.5) 5 (16.1) 
1984 52 O (0) 1 (1.9) 2 (3.9) 3 (5.8) 
1985 71 1 (1.4) 2 (2.8) 0 (0) 3 (4.2) 
1986 67 1 (1.5) O (0) O (0) 1 (1.5) 
1987 73 2 (2.7) 1 (1.4) 2 (2.7) 5 (6.9) 
1988 69 OO) O (0) 2 (2.9) 2 (2.9) 
1989 68 1 (1.5) 2 (2.9) 1 (1.5) 4 (5.9) 
1990 141 1 (0.7) 1 (0.7) 3 (2.1) 5 (3.6) 


O (0) 1 (0.6) ECH 











Total 762 7 (0.9) 


MI = myocardial infarction. 


12 (1.6) 16(2.1) 35 (4.6) 












TABLE If Percutaneous Transluminal Coronary Angioplasty 
(1981 to 1991) 


Deaths 
Age (yr) 
& Sex CCS CAD* MIr EF 


Lesiont Urgency 


LAD/90/B1 
LAD/85/B1 
LC/95/A 
LAD/100/B1 
LAD/95/B1 
LM/100/B1 
LAD/100/B1 
*Number of major coronary arteries with significant stenoses. 
+Myocardial infarction before PTCA. 
tVessel involved/% diameter stenosis/American College of Cardiology classification. 
CAD = coronary artery disease; CCS = Canadian Cardiovascular Society functional 


class; EF = ejection fraction; LAD = left anterior descending coronary artery; LC = left 
circumflex coronary artery; LM = left main coronary artery; MI = myocardial infarction. 


Elective 
Elective 
Urgent 
Urgent 
Urgent 
Urgent 
Urgent 


FIGURE 3. Outcome (n = 762). Mi(Med 
Rx) = myocardial infarction (medical 
therapy). 
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Death 
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TABLE IlI Emergency Surgery (n = 12) 


Pre- 


Age (yr) Old EF PTCA PTCA OR 
Year &Sex CAD* MI (%) Vessel % Mit (min) CABG 
1982 56M 2 + 50 Right 80 D 240 1 
1983 68F 1 O 54 LAD 90 D. 135 H 
1983 48M J D 71 LAD 80 + 320 l 
1983 52M 1 0 54 Right 95 + 150 1 
1984 47M 1 0 72 LAD 90 0 90 1 
1985 71M 2 + 55 LAD 99 D: SE 3 
1985 71M 2 D 62 LAD 85 0 75 2 
1987 69F 1 o 63 Right 99 + 80 1 
1989 55M 1 + 56 LAD 99 D. Ab 1 
1989 45M 1 D 67 Right 80 + 270 1 
1990 59F 1 Ö 83 Right 95 4 90 1 
1991 45M 3 D 65 Right 95 Or > 197 4 








*Number of coronary arteries with > 50% stenosis. 
Within 3 days of PTCA, including perioperative MI. 

All patients discharged alive and well. 

CABG = number of coronary arteries bypassed; OR = time to surgery; PTCA = 
percutaneous transluminal coronary angioplasty; other abbreviations as in Table ll. 





ble angina. Coronary angiography showed a 100% prox- 
imal left anterior descending artery occlusion. Dilata- 
tion of this lesion was uncomplicated. Coronary angiog- 
raphy then revealed a further stenosis in the mid-left 
anterior descending artery. Dilatation of the mid-left 
anterior descending artery lesion was unsuccessful but 
uncomplicated. Five hours later, the patient developed 
episodes of hypotension and bradycardia needing tem- 
porary pacing; she also had runs of ventricular tachy- 
cardia. Electrocardiography showed anterior ST ele- 
vation. Emergency cardiac catheterization showed a 
thrombus at the site of the previous 100% occlusion. 
The lesion could not be crossed with the guidewire. Re- 
sistant ventricular tachycardia and shock persisted, and 
the patient died before surgery could be performed. Au- 
topsy showed recent anterior myocardial infarction and 
a thrombus in the proximal left anterior descending ar- 
tery. 
The fifth patient was a 60-year-old woman with un- 
stable angina. Coronary angiography showed 95% left 
anterior descending and 50% left circumflex lesions. 
The procedure was complicated by a large right femoral 
hematoma. Two days later, the patient had a sudden 
recurrence of chest pain associated with electrocardio- 
graphic changes of an acute anteroseptal myocardial in- 
farction. Emergency PTCA was performed after repeat 
coronary angiography showed a left anterior descending 
artery thrombus. Dilatation was initially successful, but 
occlusion recurred despite multiple redilatations. At this 
point, acute thrombotic occlusion extended to the origin 
of the left circumflex artery. The patient developed ven- 
tricular fibrillation and could not be resuscitated. 

The sixth patient was a 23-year-old woman who pre- 
sented with an acute extensive anterior myocardial 
infarction, pulmonary edema and cardiogenic shock. 
Thrombolytic therapy with tissue plasminogen activator 
was begun soon after presentation. Coronary angiogra- 
phy showed a left main stem thrombus. Because of se- 
vere hemodynamic instability, PTCA was performed. 
The left main stem thrombus was cleared, but there was 
distal left anterior descending artery embolization. The 
patient died, despite inotropic therapy and intraaortic 





TABLE IV Myocardial Infarctions (medical therapy) (n = 16) 
% 


Coronary Diameter 
Artery Stenosis 


Age (yr) 
Urgency 


Elective 1 
1983 55M Elective 2 No 66 LAD 60 
1984 52F Elective 1 No 69 Right 95 
1984 6lF Urgent l No 63 LAD 90 
1987 64M Elective 1 No 72. Right 95 
1987 59F Urgent H No 54 LAD 50 
1988 49F Elective 2 Yes 48 LC 99 
1988 62F Urgent l Yes 67 Right 99 
1989 64M Urgent l Yes 59 LAD 95 
1990 61M Urgent 1 Yes 86 LAD 99 
1990 46M Urgent H No 63 LAD 99 
1990 67M Urgent 1 No 61 LAD 99 
1991 67M Elective 1 No 70 Right 99 
1991 46M Urgent 2 No 59 LAD 95 
1991 62M Elective 3 Yes 55 LAD 90 
1991 66M Elective l Yes 57 LAD 99 


CAD = number of coronary arteries with > 50% stenosis; other abbreviations as in 
Table Il. 


balloon pump support. Autopsy showed a large anterior 
myocardial infarction with no residual thrombus and no 
significant coronary atherosclerosis. 

The seventh patient was a 58-year-old man who 
had an anterior myocardial infarction with cardiogenic 
shock, despite thrombolytic therapy. Emergency coro- 
nary angiography showed severe 3-vessel coronary ar- 
tery disease and total left anterior descending artery oc- 
clusion. Angioplasty of the left anterior descending ar- 
tery was performed because of hemodynamic instabili- 
ty. The patient died in the catheterization laboratory 
before PTCA was completed. 

Emergency bypass surgery: Twelve patients (1.6%) 
needed emergency coronary artery bypass surgery. 
Their clinical characteristics are listed in Table III. The 
time from unsuccessful PTCA to onset of surgery 
ranged from 75 to 320 minutes (mean 164). Five pa- 
tients (42%) had evidence of new Q-wave myocardial 
infarction within 72 hours of bypass surgery. Eleven pa- 
tients were alive and well when contacted by telephone 
at the end of 1991. One patient was lost to follow-up 
but presumed to be alive (a search of provincial vital 
statistics did not yield a death certificate that matched 
the name and age of the patient). 

Myocardial infarctions managed without bypass 
surgery: In 16 patients (2.1%), PTCA complicated by 
acute myocardial infarction was managed conservative- 
ly rather than with urgent coronary artery bypass sur- 
gery; their clinical characteristics are listed in Table IV. 
In 5 of these patients, PTCA was initially successful. 
Two patients had electrocardiographic evidence of non- 
Q-wave myocardial infarction and increased creatinine 
kinase after successful PTCA. One patient had acute 
myocardial infarction associated with a small increase 
in creatinine kinase 24 hours after successful PTCA of 
the left anterior descending artery. Subsequent exercise 
stress testing was negative for ischemia. One patient 
had successful PTCA of the right coronary artery, but 
returned 4 days later with an acute, uncomplicated infe- 
rior myocardial infarction. One patient with unstable 
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TABLE V Percutaneous Transluminal Coronary Angioplasty 
Multicenter Results Comparison 


MI CABG MVD Death Success 


NHLBI 1982 4.9% 
NHLBI 1985 4.3% 
Belfast NA 

RAH 1981-90 = 2.0% 
RAH 1990-91 2.2% 


5.8% 
3.4% 
2.3% 
1.9% 
0.6% 


25.0% 
53.0% 
9.1% 
7.0% 
34.0% 
MVD = multivessel disease; NA = not available; NHLBI = National Heart, Lung, 


and ip Institute; RAH = Royal Alexandra Hospital; other abbreviations as in Tables 
Il and Ill, 





angina and previous anterior myocardial infarction de- 
veloped acute occlusion after a successful dilatation of 
an eccentric left anterior descending artery lesion. The 
patient was treated with tissue plasminogen activator 
and had an uncomplicated extension of anterior infarct. 

Four patients had transient occlusion during PTCA 
due to spasm or dissection causing non-Q-wave myocar- 
dial infarction. The vessels involved were all patent at 
the end of the procedure. 

In 5 other patients, acute coronary occlusion oc- 
curred, but surgery was not considered because the 
areas of myocardium at risk from the occluded artery 
were considered small. 

The remaining 2 patients were considered unsuitable 
surgical candidates before PTCA; 1 had carcinoma of 
the bronchus, and the other had Alzheimer’s disease. 
There was no hospital mortality in these 16 patients. 


DISCUSSION 

Although PTCA complicated by acute occlusion and 
needing emergency coronary artery surgery is infre- 
quent, there is a consensus among many cardiologists 
and cardiac surgeons that all PTCA procedures need 
on-site surgical backup. The need for on-site surgery is 
based on the belief that immediate coronary artery sur- 
gery can favorably modify the complications of acute 
occlusion at the time of PTCA, resulting in a reduction 
in mortality and salvage of myocardium. A recent re- 
port by a working party of the British Cardiac Society 
questioned both these assumptions.°® 

Richardson et al? reported the results of 540 PTCAs 
performed in 512 patients between 1982 and 1988 at 
the Belfast City Hospital, which does not have on-site 
surgical backup. Coronary angioplasty was successful in 
82% of cases, and emergency surgery occurred in 2.3% 
of patients (11 with acute occlusion, and 1 for a dis- 
lodged guidewire). Death occurred in 5 patients (0.9%). 
No patient referred for surgery died. However, these 
investigators did not indicate how many patients devel- 
oped a new Q-wave myocardial infarction after emer- 
gency surgery or PTCA, nor did they present follow-up 
data. The reported mean time from onset of acute oc- 
clusion to revascularization was 268 minutes (range 180 
to 390), which was not significantly different from the 
mean delay time of 273 minutes for patients undergoing 
PTCA and needing emergency surgery in the regional 
cardiac surgery hospital. 


Our own experience since 1981 concurs with the 
Belfast experience. Seven deaths occurred (0.9%). Two 
deaths involved rescue PTCAs in patients with severe 
cardiogenic shock with an extremely low chance of sur- 
vival. Four patients died in the catheterization laborato- 
ry, whereas 2 died after being transferred to the coro- 
nary care unit. One patient died in the emergency room 
of the regional cardiac surgery center, the transfer hav- 
ing been delayed by the sudden unavailability of an op- 
erating room. 

Twelve patients (1.6%) underwent emergency sur- 
gery for acute occlusion or dissection. Nine patients un- 
derwent l-vessel bypass surgery, and 3 had multiple 
grafts inserted. All patients survived surgery, with only 
1 having a prolonged recovery due to respiratory dis- 
tress syndrome. Forty-two percent of these patients de- 
veloped a new Q-wave myocardial infarction with a de- 
lay time to onset of surgery of 164 minutes (75 to 320). 
Haraphongse et al’ recently reported the results of 
emergency surgery in patients undergoing PTCA at the 
University of Alberta Hospitals (our regional cardiac 
surgical center) and found an elapsed ischemic time of 
235 minutes (range 132 to 385) in 26 patients from a 
total of 1,300 consecutive PTCAs. Furthermore, they 
reported a mortality rate of 3.8%, and a postsurgical 
infarction rate of 61%. The time from onset of surgery 
to revascularization was not recorded, but using an av- 
erage of 80 minutes to insertion of bypass grafts for 1- 
vessel bypass operation, our results are in accordance 
with theirs. These results should be considered with re- 
gard to their patient population, because many more 
cases of multivessel PTCA were performed than in our 
series. 

There were no hospital deaths in the 16 patients 
(2.1%) that developed an acute myocardial infarction 
after an attempted PTCA. These patients were not con- 
sidered eligible for emergency surgery, because of con- 
comitant diseases or because the extent of myocardium 
at risk was considered small. 

The success rate and incidence of major complica- 
tions compare favorably with those reported in the Na- 
tional Heart, Lung, and Blood Institute Registry.’ Oth- 
er investigators have reported similarly excellent results 
of PTCA in selected patients performed at centers with- 
out on-site cardiac surgery.’ Over the last 2 years, our 
own success rate has increased, whereas our complica- 
tion rates remain acceptably low (Table V). Unlike the 
United States, many countries do not have the resources 
to provide cardiovascular surgery in all hospitals with 
cardiac catheterization facilities. Bonchek!® and Ul- 
lyot!! suggested that proliferation of low-volume cardiac 
surgical programs may be the outcome of the Ameri- 
can College of Cardiology/American Heart Association 
Task Force recommendations. Approximately one third 
of all hospitals with catheterization laboratories in the 
U.S. do not have open heart surgery programs. If each 
of these institutions intend to perform PTCAs (not un- 


likely in the competitive health care market in the _ 


U.S.), many more new surgical programs would be ini- 
tiated primarily to legitimize PTCA. This proliferation 
of programs would lead to a dilution of the cases per- 


formed in each existing program. These new programs 
would likely have low volumes of 100 to 150 cases/year 
and additionally may have an incentive to perform non- 
essential operations to maintain their case loads. 

A recent preliminary report by the Myocardial In- 
farction Triage and Intervention Trial Registry com- 
pared the complication rates of PTCA in acute myo- 
cardial infarction between hospitals with and without 
on-site cardiac surgery.'2 No significant difference in 
complication rates or time to surgery was found, and 
the investigators concluded that the absence of on-site 
(but with backup) surgery did not influence eventual 
outcome. 

A recent review of a working party of the British 
Cardiac Society on coronary angioplasty in the United 
Kingdom suggested that the requirement for on-site sur- 
gery was too onerous and untenable (and largely ig- 
nored) in the U.K. and many European countries.° In 
Germany, 50% of all PTCAs are performed in hospitals 
with no on-site surgery. However, the American College 
of Cardiology/American Heart Association Task Force 
recommendations do not recognize the opportunity for 
cooperating institutions in close proximity to develop 
plans for PTCA programs based on a regional cardiac 
surgical center. In contrast, the Germany Society of 
Cardiology has supported this concept for a number of 
years.!? 

The major delays in surgery relate more to operating 
room availability and not to transferring the patient. 
The British Cardiac Society working party thought that 
although there are risks, they are believed to be so small 
that patients should not be denied the benefit of PTCA, 
even without on-site surgery. Their conclusion was that 
the current recommendation for mandatory on-site sur- 
gery is untenable in many countries in view of current 
practice, and furthermore, this practice is ethical if 
transfer to another site can be achieved with sufficient 
speed for surgery to begin with no greater delay than at 
the primary site. 

We believe that PTCA can be performed in selected 
patients at high-volume catheterization laboratories 
where on-site surgery is not available. Good clinical 
judgment and experience is mandatory to be able to 
perform PTCA successfully and effectively. Absence of 
on-site surgery does not mean no surgical backup at all. 
It is extremely important to have a plan of action for 


the efficient transfer and acceptance of surgical patients 
at a receiving cardiac surgical center. A strong working 
relation with the cardiologists and surgeons at the refer- 
ral site will facilitate this process. This approach will 
result in the best use of PTCA and cardiac surgery in 
many large urban centers. An ongoing review of results 
and complications is necessary. Any center or cardiolo- 
gist not willing to have their results scrutinized by a 
peer review process should not be allowed to perform 
PTCA without on-site surgery. 
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Results of Coronary Angioplasty Using the 
Transluminal Extraction Catheter 


Jeffrey J. Popma, MD, Martin B. Leon, MD, Gary S. Mintz, MD, Kenneth M. Kent, MD, 
Lowell F. Satler, MD, Timothy J. Garrand, MD, and Augusto D. Pichard, MD 


To assess the procedural results after coronary 
angioplasty using the transluminal extraction 
catheter (TEC) in patients with complex lesion 
anatomy, experience with 51 patients undergoing 
this procedure was reviewed. One or more ad- 
verse lesion morphologic features were present in 
45 patients (88%) and >2 adverse features were 
present in 38 (74%). Procedural success (<50% 
final diameter stenosis and the absence of major 
complications) was obtained in 42 patients (82%); 
major complications occurred in 7 patients (death, 
3; Q-wave myocardial infarction, 4; emergency by- 
pass operation, 2). Distal embolization was noted 
in 5 patients with thrombus-containing saphenous 
vein graft stenoses. Only lesion thrombus correlat- 
ed with an unsuccessful outcome. After TEC use, 
diameter stenosis was reduced from 76 + 13 to 
50 + 22% (p <0.001). Adjunct balloon angio- 
plasty was used in 44 procedures (86%), further 
reducing the diameter stenosis to 32 + 22% (p 
<0.001 compared with post-TEC). High-frequency 
intracoronary ultrasound was performed in 11 pa- 
tients after TEC use. Plaque fissuring was present 
in all lesions and intraluminal dissection was noted 
in 4 (36%). Residual plaque after TEC use was 
found in virtually all lesions. During the 5.2 + 2.8- 
month follow-up period, 17 patients (40%) devel- 
oped recurrent symptoms. Coronary bypass sur- 
gery was performed in 4 patients and repeat coro- 
nary angioplasty was required in 3. In addition, 3 
patients died from cardiac causes. It is concluded 
that coronary angioplasty using the TEC may be a 
useful alternative to balloon angioplasty in pa- 
tients with complex coronary anatomy, although 
distal embolization may still occur in thrombus- 
containing saphenous vein graft lesions. 

(Am J Cardiol 1992;70:1526-1532) 
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developed to improve the safety and efficacy of 

coronary angioplasty in patients with unfavorable 
coronary anatomy.!~ One of these methods, coronary 
atherectomy using the transluminal extraction catheter 
(TEC), exerts its beneficial effect on the coronary ar- 
chitecture by excising the atherosclerotic plaque with a 
rotating cutting blade and extracting the debris by con- 
tinuous vacuum suction. This method has suggested 
use in lesions within degenerated saphenous vein grafts, 
in those containing thrombus or with marked luminal 
irregularity, or in instances when the risk of distal em- 
bolization is high.°’ To date, over 800 TEC procedures 
have been performed in native coronary arteries and sa- 
phenous vein grafts, with procedural success rates of 92 
to 96% reported. Notably, no prior series has reported 
procedural success and complication rates after TEC 
use in lesion subsets deemed high risk for complications 
using standard balloon methods. To address these issues 
and to further define the mechanism of luminal im- 
provement after TEC use, we reviewed our experience 
in 51 patients undergoing this procedure using qualita- 
tive morphologic and quantitative angiographic meth- 
ods. 


S everal investigational angioplasty devices have been 


METHODS 

Patients: From February 1990 to July 1991, coro- 
nary atherectomy using the TEC was performed in 57 
patients at the Washington Hospital Center. The 51 pa- 
tients with complete medical records and cineangio- 
grams of sufficient quality to permit qualitative and 
quantitative analysis are included in this series. Coro- 
nary atherectomy using the TEC was considered in pa- 
tients with symptoms of angina pectoris or exercise-in- 
duced myocardial ischemia, or both, whose coronary 
angiogram demonstrated 1 or more complex coronary 
stenoses deemed high risk for complications using stan- 
dard balloon angioplasty. These high-risk morphologic 
criteria included: ostial location; intraluminal thrombus; 
lesion irregularity, ulceration, or length 210 mm; and 
lesions within saphenous vein grafts, particularly those 
with extensive degeneration. Patients with severe pe- 
ripheral vascular disease, major branch vessels arising 
from within the lesion, lesions in vessels <2.5 mm in 
diameter, severe proximal vessel tortuosity or distal le- 
sion location were not considered for the TEC proce- 
dure. Before the procedure, all patients gave written in- 
formed consent according to the guidelines of the hospi- 
tal’s Institutional Review Board. 

Atherectomy procedure: After pretreatment with 
aspirin and a calcium channel antagonist, a 10Fr sheath 
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was secured in the femoral artery. Heparin, 15,000 U, 
was administered with additional boluses to maintain 
the activated clotting time of >300 seconds. The TEC 
procedure was performed using techniques described 
in detail elsewhere.® In brief, a specially designed 
10Fr coronary guiding catheter (InterVentional Tech- 
nologies, San Diego, California) was advanced through 
the descending aorta over a 0.063-inch guidewire and 
positioned in the ascending aorta. After placement of 
the guiding catheter in the coronary or graft ostium, a 
specially designed 0.014-inch coronary guidewire was 
positioned across the coronary stenosis, and a 1.8, 2.0, 
2.1, 2.3 or 2.5 mm catheter (InterVentional Technol- 
ogies) was advanced to the origin of the lesion. The mo- 
tor drive unit, which rotates the conical head containing 
2 stainless steel blades at 750 rpm, was activated and 
the catheter was advanced across the coronary lesion. 
Excised atherosclerotic plaque was extracted through 
the central lumen of the catheter by vacuum suction, 
and the debris was collected in a glass reservoir. After 1 
to 4 passes, the catheter was withdrawn into the guiding 
catheter, and the results were assessed by repeat angiog- 
raphy. In the presence of a significant residual stenosis, 
larger cutting devices were used whenever possible. Ad- 
junct balloon angioplasty was used either to (1) treat 
intimal disruption, “haziness” or dissection after TEC 
use; or (2) optimize final angiographic results in the 
presence of a residual stenosis >40%. 

Clinical and procedural factors: Clinical features in- 
cluding age, gender and the presence of diabetes, hyper- 
tension or myocardial infarction within the previous 6 
weeks were recorded after patient interview and chart 
review. Unstable angina was defined as pain at rest with 
or without associated ST-segment depression. A history 
of prior coronary bypass operation or prior balloon dila- 
tation of the selected lesion was also recorded. The de- 
vice:artery ratio was determined by the ratio of the larg- 
est device size used (in millimeters) to the reference ar- 
terial size (in millimeters) before the procedure. 

Angiographic analysis: Cineangiograms obtained 
before and after the TEC procedure were reviewed 
by an observer unaware of the clinical outcome. Us- 
ing standard morphologic criteria,*” lesion eccentricity, 
bend >45°, length =10 mm, irregularity, and lesion 
calcium were recorded. Ostial location was defined as 
lesion origin within 3 mm of the coronary or graft ori- 
fice. Thrombus was present if discrete, mobile intralu- 
minal filling defects superimposed on or adjacent to the 
lesion were noted. Degenerated saphenous vein graft 
disease was defined as marked graft ectasia with lumi- 
nal irregularities suggestive of graft atherosclerosis. 

Selected end-diastolic cineframes were digitized us- 
ing a cine-video converter. A computer-assisted auto- 
mated edge-detection algorithm was applied to the digi- 
tized image.!° Using the guiding catheter as the calibra- 
tion standard, absolute diameter (in millimeters) of the 
reference arterial segment and minimal luminal diame- 
ter were determined before atherectomy, immediately 
after atherectomy, and after final adjunct balloon infla- 
tion when applicable. Based upon these measurements, 
percent diameter stenosis was determined. 


After atherectomy, selected postprocedural morpho- 
logic features were recorded, including luminal irregu- 
larities, thrombus and distal emboli. Minor coronary 
dissections were defined as linear or spiral lucencies 
within or adjacent to the arterial or graft lumen, <10 
mm in length, and without associated delayed coronary 
flow. Major dissections were classified as those dissec- 
tions >10 mm in length or those with clinical or angio- 
graphic evidence of delayed flow. 

Definition of success: Device success was defined as 
a 20% reduction of the percent diameter stenosis after 
TEC use alone. Angiographic success was defined as a 
final diameter stenosis <50%. Procedural success was 
defined as a final diameter stenosis <50% and the ab- 
sence of in-hospital ischemic complications including 
death, Q-wave myocardial infarction or emergency cor- 
onary artery bypass operation. 

Intravascular ultrasound imaging: High-frequency 
intravascular ultrasound imaging was performed after 
TEC use in 11 patients using a 20 MHz transducer- 
tipped, mechanically rotated catheter within a 4.9Fr 
sheath (axial resolution, 100 u; maximal tissue penetra- 
tion depth, 8 mm [InterTherapy, Santa Ana, Califor- 
nia]). Data was stored on a Lo inch VHS tape for off- 
line quantitative and qualitative analysis. With use of 
computer planimetry, the narrowest cross-sectional area 
within the length of the atherectomy site was compared 
with a proximal, angiographically normal reference site. 
Measurements of lumen area, minimal lumen diameter, 
external elastic membrane area, and plaque and media 
area were determined using criteria described else- 
where.'!:!2 In the presence of lesion calcification, which 
may cause shadowing of deeper tissue planes and inter- 
fere with measurement of external elastic membrane 
area, 2 types of extrapolation were used. If the calcific 
deposits were small, circumferential extrapolation of the 
external elastic membrane was performed. Otherwise, 
real-time longitudinal movement of the transducer just 
proximal or distal to the calcification was used to un- 
mask contiguous portions of the artery and permit com- 
plete measurement of the external elastic membrane. 

Plaque morphology at the atherectomy site was also 
analyzed using standard criteria.'!~'* In brief, calcifica- 
tion was defined as echoes brighter than the reference 
adventitia with acoustic shadowing. Dense fibrous tissue 
was defined as echoes as bright or brighter than the 
reference adventitia, but without acoustic shadowing. 
Soft plaque (containing loose connective tissue, intimal 
hyperplasia, thrombus, lipid or a combination) was less 
dense than the reference adventitia. The extents of cal- 
cification and dense fibrous tissue were determined by 
measuring the amount of plaque circumference (in 
degrees) occupied by each. Fissures were defined as 
abrupt, focal, superficial breaks in the linear continuity 
of the plaque extending in a radial direction only. Dis- 
sections included breaks in the linear continuity of the 
plaque extending to bridge tissue planes in a radial, cir- 
cumferential or longitudinal direction. 

Follow-up: After hospital discharge, patients were 
followed at 3-month intervals. Repeat cardiac catheter- 
ization was recommended 6 months after the procedure. 
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TABLE I Clinical Characteristics of Patients Undergoing 
Coronary Angioplasty Using the Transluminal Extraction 
Catheter 


Successful Unsuccessful Odds 
(n = 42) (n = 9) Ratio 


64 + 10 KR 11 68 + 6 
43 (84)/8 (16) 35/7 8/1 

19 (37) 17 

24 (47) 20 


Overall 
(n = 51) 


Age (year) 
Men/women (%) 


Diabetes mellitus (%) 

Systemic hyperten- 
sion (%) 

Recent myocardial 
infarction (%) 

Unstable angina (%) 

Prior coronary by- 
pass (%) 

Restenotic lesion (%) 


11 (22) 


34 (67) 
35 (69) 


7 (14) 





Restenosis was defined as 250% diameter stenosis at 
follow-up. 

Statistical analysis: Continuous variables were re- 
ported as mean and standard deviation and discrete 
variables were expressed as frequencies. Differences be- 
tween discrete variables were determined using chi- 
square analysis with Yates correction, when appropri- 
ate. Differences between continuous variables were de- 
termined using Student’s ¢ test analysis. The risk of 
procedural failure with each variable was expressed as 
an odds ratio: probability of failure, variable present/ 
probability of success, variable present: probability of 
failure, variable absent/probability of success, variable 
absent. A p value <0.05 was considered significant. 


RESULTS 

Clinical demographics and preprocedural lesion 
morphology: In this series, most patients were men and 
often presented with unstable angina (Table I). One or 
more adverse lesion characteristics were present in 88% 





of patients; 22 adverse features were present in 38 
(74%). Degenerated saphenous vein graft disease was 
noted in nearly half of the treated lesions (Figure 1). 

Device, angiographic and procedural success: Coro- 
nary angioplasty using the TEC reduced the diameter 
stenosis by 20% or more in 33 of 51 lesions (65%). In 44 
lesions (86%), adjunct balloon angioplasty was per- 
formed after TEC use, resulting in a final stenosis 
<50% in 47 lesions (92%). Overall procedural success 
was obtained in 42 patients (82%), but was particularly 
favorable in ostial lesions (93%), lesions >10 mm in 
length (93%) and in degenerated saphenous vein graft 
lesions (82%) (Figure 2). 

in-hospital complications: Major complications de- 
veloped in 7 patients after coronary angioplasty using 
the TEC. Emergency coronary bypass surgery was re- 
quired in 2 patients who developed abrupt vessel closure 
1 to 4 days after the procedure. Q-wave myocardial in- 
farction developed in 4 patients after distal embolization 
occurred. One additional patient also had distal emboli- 
zation but was without evidence of Q-wave myocardial 
infarction. All 5 patients with distal embolization had 
thrombus-containing lesions within degenerated saphe- 
nous vein grafts; each embolic episode occurred in asso- 
ciation with adjunct balloon angioplasty. 

Three in-hospital deaths occurred after coronary an- 
gioplasty using the TEC. The first patient, a 77-year-old 
man, presented with unstable angina 3 years after coro- 
nary bypass operation. Arteriography demonstrated dif- 
fusely diseased saphenous vein grafts and the TEC was 
used to reduce the stenosis of the saphenous vein graft 
to the left anterior descending artery from 90 to 60%. 
However, because of a significant residual stenosis, ad- 
junct balloon angioplasty was performed which resulted 
in distal embolization, myocardial infarction and death. 
The second patient, a 67-year-old man, presented 12 
years after coronary bypass operation with unstable an- 





FIGURE 1. A diffusely diseased, de- 
generated saphenous vein to the dis- 


ES mee tal right coronary artery (A) was 


stenoses persisted (C). A 4.0 mm 
balloon dilatation catheter was then 
inflated 
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TABLE UH Preprocedural Lesion Morphology 


Overall Successful Unsuccessful Odds 
(n= 51) (n= 42) (n = 9) Ratio 
Saphenous vein graft (%) 29 (57) 23 6 1.65 
Native coronary artery (7%) 
Left main or LAD 14 (27) 13 1 0.28 
Right 8 (16) 6 2 1.71 
ACC/AHA criteria (%)* 
A 6 (12) 5 1 0.93 
Bl 5 (10) 4 l 1.19 
B2 15 (29) 12 3 1:29 
C 25 (49) 21 4 0.80 
Location (%) 
Ostial 15 (29) 14 l 0.25 
Proximal 17 (33) 14 3 1.00 
Mid/distal 19 (37) 14 5 2.50 
Eccentric (%) 29 (57) 23 6 1.65 
Bend > 45° (%) 8 (16) 7 1 0.63 
Lesion length > 10 14 (27) 13 l 0.28 
mm (%) 
Thrombus (%) 19 (37) 12 7 CR 
Calcium (%) 12 (24) Il l 0.35 
Degenerated saphenous 22 (43) 18 1.07 
vein graft disease (%) 
irregular contour (%) 18 (35) 13 5 2.78 
*ACC/AHA lesion classification as modified by Ellis et al.4 












tp = 0.019. 
ACC/AHA = American College of Cardiology/American Heart Association; LAD = left 
anterior descending artery. 


gina associated with ST-segment depression in the ante- 
rior precordial leads and cardiogenic shock requiring in- 
traaortic balloon pump support. Coronary arteriography 
demonstrated severe 3-vessel coronary artery disease 
and a recently occluded saphenous vein graft to the 
left anterior descending and diagonal branch coronary 
arteries. Within the saphenous vein graft, extensive in- 
tracoronary thrombus was noted. Despite angiographi- 
cally successful atherectomy using the TEC and ad- 
junct balloon percutaneous transluminal coronary angi- 
oplasty, the patient remained dependent on intraaortic 
balloon pump support. The patient developed aortic 
thrombosis with resultant bilateral lower extremity is- 
chemia 48 hours after the procedure and died shortly 
thereafter. The third patient, a 70-year-old man, pre- 
sented with unstable angina 8 years after bypass opera- 
tion. A large thrombus was demonstrated in the saphe- 
nous vein graft to the left anterior descending artery 
and the TEC procedure was performed. After adjunct 
balloon angioplasty, a 30% residual stenosis was ob- 
tained. Because of distal embolization, intragraft uroki- 
nase, 500,000 U, was administered. On the following 
day, the patient developed a dense hemiparesis and a 
computer tomography scan of the head demonstrated a 
hemorrhagic infarction. He died the following day. 
Clinical, angiographic and procedural correlates of 
success: Patients with an unsuccessful procedure had 
preprocedural clinical characteristics similar to those 
with a successful result (Table II). Procedural success 
rates were slightly lower in patients undergoing the 
TEC procedure in saphenous vein grafts compared with 
native coronary arteries, but were not significantly dif- 
ferent (79 vs 87%; p = not significant [NS]). Whereas 
most adverse lesion characteristics did not correlate 
with an unfavorable outcome, intracoronary thrombus 








TABLE Ill Angiographic Findings After Angioplasty Using the 
Transluminal Extraction Catheter 








Unsuccessful 
(n = 9) 


Successful 
(n = 42) 


Overall 
(n = 51) 





























Pre-TEC reference (mm) SREL SL + OG 3.7 S095 
Pre-TEC MLD (mm) 08+05 08204 09208 
Pre- % diameter stenosis KKK GË 12 77+ 16 
Post-TEC reference (mm) 3.2+06 3.1+06 3.7+08 
Post-TEC MLD (mm) 1.6+0.6* 16+0.6* 16+ 0.6T 
Post-TEC % diameter stenosis 50+ 2321 47222 61+ 22 
Final reference (mm) 32+06 312+05 3.7+0.7 
Final MLD (mm) 22+08 2.3+0.7 1.9+1.1 
Final % diameter stenosis 32 t 22 27 +16 54 + 32 
Postprocedural morphology 
Luminal irregularities 17 15 2 
Dissection 
Minor 11 9 2 
Major 4 4 0 
Thrombus 7 2 5§ 
Embolus 5 l 






*p <0.001 compared with pre-TEC MLD. 
tp <0.05 compared with pre-TEC MLD. 
tp <0.001 compared with post-TEC MLD. 

§p <0.05 compared with those with a successful procedure. 

MLD = minimal lumen diameter; TEC = transluminal extraction catheter. 







was noted in nearly 80% of lesions treated unsuccessful- 
ly versus only 30% of successfully treated lesions (p 
<0.001). 

During the procedure, 10 patients received intracor- 
onary or intragraft urokinase; however, its administra- 
tion did not appear to affect the ultimate outcome. Al- 
though the device:artery ratio was slightly higher in 
successfully treated patients, these differences did not 
achieve statistical significance (0.71 + 0.11 for success- 
fully treated patients and 0.64 + 0.10 for unsuccessfully 
treated patients; p = NS). Procedural success in stand- 
alone TEC use versus use of the TEC with adjunct bal- 
loon angioplasty was not significantly different (89 vs 
95%; p = NS). 

Quantitative angiographic findings: Although the 
reference vessel was slightly larger in patients with an 
unsuccessful outcome (p = 0.02), preprocedural mini- 
mal lumen diameter and percent diameter stenosis were 
similar in the 2 groups (Table III). After use of the 
TEC, minimal lumen diameter increased significantly, 


Procedural 
Success 


C 
(7) 40 


20 


Lesion 
Thrombus Irregularity SVG 


210 Location 
(N=19) (N=18) (N=22) (N=14) (N=15) 


FIGURE 2. Procedural success rates (%) by lesion subset. 
SVG = saphenous vein graft. 
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although a substantial residual stenosis persisted. In pa- 
tients with a successful outcome, adjunct balloon angio- 
plasty resulted in a significant incremental improvement 
in the final minimal lumen diameter and percent diame- 
ter stenosis (Figure 3). 

Luminal irregularities frequently occurred after use 
of the TEC, developing in 33% of all lesions. While mi- 
nor dissections were also noted frequently, major dissec- 
tions were uncommon and did not appear related to an 
unsuccessful outcome. 

Intracoronary ultrasound findings: Analysis of 
plaque morphology demonstrated that lesions were 
composed primarily of soft plaque. Five lesions con- 
tained dense fibrous tissue. Lesion calcification was 
demonstrated in 3 native coronary arteries. After TEC 
use, residual lumens were typically circular, and signifi- 
cant residual plaque was often noted (Table IV). Super- 
ficial tissue disruption was seen in virtually all native 
arteries and saphenous vein grafts (Figure 4). Dissec- 
tions, representing deeper and more extensive tissue dis- 
ruption, were less common, and occurred in only 3 na- 
tive coronary lesions. 

Late clinical outcome: Of the 42 successful proce- 
dures using the TEC, clinical follow-up was available 
in 38 (89%). During the 5.2 + 2.8 month follow-up pe- 
riod, 17 patients developed recurrent symptoms; 14 of 
these had documented angiographic restenosis which 
was treated with coronary bypass operation in 4, repeat 
coronary angioplasty in 3, and intensification of medical 
therapy in 7. Of the 17 patients in whom angiographic 
follow-up was not available, 4 died; 3 patients developed 
sudden cardiac death and 1 died in a motor vehicle acci- 
dent. Notably, 24% of patients experienced a major car- 
diac event (death, coronary bypass surgery or repeat 
coronary angioplasty) during the follow-up period. 


Plaque + Media 
(mm2) 


(mm?) 


Proximal Reference 
EEM CSA 


30.7 + 18.7 


Lumen 
CSA (mm?) 
14.9+49 


Arc Fibrous 
Plaque (Deg®) 


(Dee) 


Arc Ca 
minimal lumen diameter; SVG = saphenous vein graft. 
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No. of 
Dissections 
left main; MLD 
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No. of 
Fissures 


left anterior descending; LM 


DISCUSSION 
Investigational angioplasty devices have been used to 
improve procedural success rates and lower complica- 
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Frequency 


EEM CSA 
(mm2) 
23.1 + 8.1 


(%) 


Lumen CSA 
(mm2) 
7.1 + 3.0* 


1.0 2.0 3.0 4.0 5.0 
Minimal Lumen Diameter (mm) 





FIGURE 3. Minimal lumen diameter (in mm) before translu- 
minal extraction catheter (Pre-TEC), after TEC (Post-TEC), 
and after final balloon inflation (Final). Dashed arrow indi- 
cates improvement in minimal lumen diameter imparted by 
TEC; solid arrow indicates improvement resulting from ad- 
junct balloon angioplasty. 


ANMTMOUONMN ODO e 
ae 


Ca = calcification; CSA = cross-sectional area; Deg. = degree; EEM = external elastic membrane; LAD 


*p <0.01; tp <0.001. 


TABLE IV Intracoronary Ultrasound Findings 
Mean + SD 
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tion rates associated with lesion subsets deemed high 
risk for complications when treated with standard bal- 
loon methods. In our series of 51 patients with complex 
coronary lesions, coronary angioplasty using the TEC 
was associated with an 82% procedural success rate; a 
14% incidence of ischemic complications was also noted. 
Procedural success was highest in ostial lesions (93%) 
and in lesions =10 mm in length (93%), while lowest in 
thrombus-containing lesions (63%). An 82% procedural 
success rate was obtained using the TEC in degenerat- 
ed saphenous vein graft lesions, a subgroup at particu- 
lar risk for distal embolization and myocardial infarc- 
tion.!5-17 

Mechanisms of dimensional improvement: Unlike 
standard balloon angioplasty, which improves coronary 
dimensions by splitting and tearing the obstructive ath- 
eroma,!4 coronary angioplasty using the TEC is 
believed to exert its beneficial effect by excising and ex- 
tracting the atheromatous lesion, thus avoiding the po- 
tential risks of vascular barotrauma and distal particu- 
late embolization. In the present study, quantitative 
analysis demonstrated an improved minimal lumen di- 
ameter immediately after TEC use (0.8 + 0.5 to 1.6 + 
0.6 mm; p <0.001). However, due to relative undersiz- 
ing of the TEC (device:artery ratio = 0.64), a residual 
stenosis often persisted (50 + 22%), suggesting that ath- 
eroma excision was incomplete. The presence of re- 
sidual atheroma after TEC use was confirmed in 11 pa- 
tients using high-frequency intracoronary ultrasound. 
Soft plaque in the region of atherectomy was visualized 
in most of the patients after TEC use, comprising at 
least 50% of the arterial cross-sectional area. Superficial 
plaque fissuring, presumably caused by the cutting de- 
vice, was found in virtually all patients. Deeper tissue 
disruption was uncommon and generally limited to na- 
tive vessels with extensive lesion calcium. 

As a result of significant residual stenoses after TEC 
use, adjunct coronary angioplasty was performed in 
most (86%) cases. Adjunct balloon angioplasty resulted 
in a further improvement of minimal lumen diameter 
(from 1.6 + 0.6 to 2.2 + 0.8 mm; p <0.001); a final 
diameter stenosis of 27 + 16% was obtained in patients 
with a successful procedure. The significant contribu- 


tion of adjunct balloon angioplasty to the final minimal 
lumen diameter after TEC use (Figure 4) suggests that 
several mechanisms, including plaque fissuring, partial 
atheroma resection, and balloon-induced mechanical di- 
latation, may each contribute to dimensional changes 
imparted by coronary angioplasty using the TEC. 

Estimation of procedural risk based on lesion mor- 
phology: Patients with high-risk coronary anatomy us- 
ing previously recognized and validated criteria? were 
selected for TEC use in the present series. One or more 
adverse lesion features were present in 88% of patients; 
>2 adverse lesion features were present in 74%. Proce- 
dural success rates were highest in ostial lesions (93%) 
and in lesions 210 mm in length (93%). Importantly, 
all 5 patients who developed distal embolization under- 
went atherectomy of thrombus-containing lesions within 
degenerated saphenous vein grafts. Moreover, in each 
instance, the embolization episode occurred in associa- 
tion with adjunct balloon angioplasty. 

Clinical outcome: Late clinical follow-up was avail- 
able in 38 of 42 patients (90%) with a successful proce- 
dure. Seven of 17 patients (18%) who developed recur- 
rent symptoms during the follow-up period required a 
repeat revascularization procedure. Only 17 patients re- 
mained free of recurrent angina, death or repeat revas- 
cularization late after coronary angioplasty using the 
TEC. Despite the relatively brief follow-up period, 3 pa- 
tients died suddenly from cardiac causes, although none 
had recurrent symptoms of angina before the time of 
death. Whereas a recurrent ischemic event in the loca- 
tion of coronary angioplasty cannot be excluded, these 
patients typically had severe concomitant coronary dis- 
ease and the cause of death in each instance is un- 
known. 

Limitations: This report has several important limi- 
tations. First, this series reports 51 of 57 initial patients 
treated with coronary angioplasty using the TEC at this 
institution. During this period, significant evolution of 
the TEC design occurred and operator experience was 
enhanced. Consequently, improved procedural success 
rates may be expected. Second, during the study period, 
a stringent protocol for the use of adjunct balloon angio- 
plasty after the TEC procedure was not maintained. 





FIGURE 4. Intravascular ultrasound after coronary i 


using the transluminal extraction catheter of a saphenous vein 


angioplasty 
graft stenosis. The graft is imaged proximal to the stenosis (A), at the stenosis (B), and distal to the stenosis (C). In B, the exter- 
nal elastic lamina is shown by the large solid arrow, a dissection plane by the open white arrow, and 2 fissures by the small 
solid white arrows. There is still a significant amount of residual atheroma noted after transluminal extraction catheter use. 
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Balloon use was left to the discretion of the operator. As 
a result, a certain selection bias may have been intro- 
duced, although adjunct balloon use was generally re- 
served to treat angiographic complications or subopti- 
mal results. Finally, the low angiographic follow-up 
(55%) precludes accurate calculation of restenosis rates. 

Clinical implications: As a result of these findings, 
we now focus our use of the TEC on ostial and diffuse 
lesions within degenerated saphenous vein grafts. To 
maximize luminal dimensions, adjunct balloon angio- 
plasty is often required, but particular care should be 
exercised in using this approach in degenerated saphe- 
nous vein graft lesions with angiographically apparent 
thrombus because of the potential for distal emboliza- 
tion. Whether the frequency of distal embolization in 
this lesion subset can be significantly reduced by aggres- 
sive pretreatment with antithrombotic therapy (e.g., 
specific thrombin inhibitors), more potent antiplatelet 
agents or avoidance of adjunct balloon dilatation re- 
quires further study. Because of concomitant multives- 
sel disease as well as restenosis at the treatment site, 
symptom recurrence is common after coronary angio- 
plasty using the TEC, but can generally be managed 
with repeat revascularization. 


Acknowledgment: We appreciate the editorial assis- 
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Clinical Success, Complications and Restenosis 


Rates with Excimer Laser Coronary Angioplasty 





John A. Bittl, MD, Timothy A. Sanborn, MD, James E. Tcheng, MD, Robert M. Siegel, MD, and 
Stephen G. Ellis, MD, for the Percutaneous Excimer Laser Coronary Angioplasty Registry 


The role of excimer laser angioplasty in treating 
complex coronary artery disease remains uncer- 
tain. A randomized trial comparing this new tech- 
nology with balloon angioplasty cannot be de- 
signed until systematic analysis identifies the le- 
sion types that are likely to benefit from treatment 
with excimer laser angioplasty. In a cohort of 764 
patients who had 858 coronary stenoses treated 
with excimer laser-facilitated angioplasty, relative 
risk analysis was used to examine acute success, 
complications and restenosis rates, and the results 
were compared with those of balloon angioplasty 
to identify the lesion types that show the greatest 
benefit with the new treatment. Clinical success 
was achieved in 657 patients (86%), as indicated 
by <50% residual stenosis and no in-hospital 
complication. A major in-hospital complication 
(death, bypass surgery, or Q-wave or non-Q-wave 
myocardial infarction) occurred in 58 patients 
(7.6%). Follow-up angiography was obtained in 
70% of eligible patients. Combining angiographic 
and noninvasive restenosis rates yielded an overall 
restenosis rate of 46%. 

Relative risk analysis showed that major com- 
plications occurred frequently in lesions at an ar- 
terial bifurcation (odds ratio [OR] 5.96 [2.76, 
12.6]; p = 0.001). However, certain complex le- 
sions that are difficult to treat with balloon angio- 
plasty (saphenous vein graft lesions, lesions >10 
mm, ostial lesions, calcified stenoses, total occlu- 
sions and unsuccessful balloon dilatations), ana- 
lyzed together as a group, had lower complication 
rates by univariate (OR 0.59 [0.35, 1.00); 

p = 0.051) and multivariate logistic regression 

(p = 0.006) analyses. Restenosis rates were high- 
er for lesions >10 mm in length (OR 1.28 [1.02, 
2.29); p = 0.014) and for those treated with laser 
alone (OR 1.69 [1.02, 2.88]; p = 0.049). 

In conclusion, the use of excimer laser-facilitat- 
ed angioplasty to treat many lesion types will be 
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limited by significant restenosis, despite accept- 
able initial clinical results. Favorable success rates 
with this new technology were found for a group 
of 6 lesions that comprise the “alpha class” (sa- 
phenous vein graft lesions, long lesions, ostial le- 
sions, calcified stenoses, total occlusions and un- 
successful balloon dilatations). Direct, controlled 
comparison with other interventional technologies 
will define the ultimate role of the excimer laser 
angioplasty procedure. 

(Am J Cardiol 1992;70:1533-1539) 


to have acceptable acute success rates in prelimi- 

nary reports,'~} but its role in treating complex 
coronary artery lesions remains unclear. Inability to 
identify lesion types that do not benefit from treatment 
with excimer laser coronary angioplasty will curtail the 
development of this new technology. A randomized 
study comparing excimer laser with balloon angioplasty 
could determine whether the new technology has superi- 
or success rates, fewer complications or reduced reste- 
nosis for certain lesion types. In the absence of random- 
ized trials, however, relative risk analysis may identify 
lesion types that are successfully treated with the new 
technology. In this study, we analyzed clinical success, 
complications and restenosis rates in a consecutive series 
of 764 patients treated with coronary excimer laser-fa- 
cilitated angioplasty to define the areas of greatest 
promise for the technique. 


Ha laser coronary angioplasty has been shown 


METHODS 

Patient enrollment: Beginning on May 8, 1989, pa- 
tients were considered for coronary excimer laser angio- 
plasty in a multicenter trial (see Appendix) if they had 
evidence of angina or provocable ischemia associated 
with lesions that were believed to be approachable with 
the laser catheter. All patients were surgical candidates 
with an ejection fraction >0.30. Patients were not con- 
sidered for excimer laser angioplasty if they had a ste- 
nosis located in an arterial bend >45°, a lesion in an 
unprotected left main coronary artery, acute myocardial 
infarction or angiographic evidence of intracoronary 
thrombus. 

All treated patients were requested to undergo clini- 
cal follow-up with exercise treadmill testing at 1, 3, 6 
and 12 months, and follow-up angiography 6 months 
after laser angioplasty. 

The protocol was approved by the institutional re- 
view boards of the respective institutions. To participate 
in the registry, centers were required to submit data on 
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TABLE I Clinical Descriptors of 764 Patients 




















Age (year) 61 + 11 years 
Men/women 578/186 
Canadian Cardiovascular Society 
class (%) 
0 17 (2.2) 
| 42 (5.5) 
Il 123 (16:1) 
II 301 (39.4) 
IV 281 (36.8) 
Previous myocardial infarction (%) 317 (41.5) 
Restenosis > 2 times (%) 71 (9.3) 
Diabetes mellitus (%) 134 (17.5) 
Hypercholesterolemia (> 200 360 (47.1) 
mg/dl) (%) 
Tobacco use (%) 304 (39.8) 
Multivessel CAD (%) 419 (54.8) 





CAD = coronary artery disease. 


all patients who had a laser catheter inserted in the 
guide catheter at any time during the angioplasty proce- 
dure. 

The excimer laser system for coronary angioplasty: 
Percutaneous excimer laser coronary angioplasty was 
performed with the CVX-300™ system (Spectranetics 
Corporation, Colorado Springs, Colorado), which is an 
XeCl excimer laser system operating at 308 nm, with a 
fluence range of 30 to 60 mJ/mm?. The average pulse 
duration was 135 ns, and laser pulses were delivered at 
a rate of 25 Hz. The laser catheters were multifiber, 
over-the-wire catheters, with diameters of 1.4, 1.7 or 2.0 
mm that contained 100 um optical fibers arranged co- 
axially around a 0.022 inch (0.56 mm) central lumen. 
The technique of excimer laser angioplasty was previ- 
ously described.’ 

Definitions: Clinical success was defined as <50% 
residual stenosis after laser with or without adjunctive 
balloon angioplasty, and the absence of a major compli- 
cation (death, Q-wave or non-Q-wave myocardial in- 
farction, abrupt vessel closure or need for coronary ar- 
tery bypass surgery) at any time during hospitalization. 
Angiographic restenosis was indicated by the presence 
of >50% stenosis at the treated site or by the need for 
revascularization (coronary artery bypass surgery or re- 
peat angioplasty) at any time during follow-up. Al- 
though patients were scheduled for follow-up angiogra- 
phy 6 months after excimer laser angioplasty, some re- 
turned earlier. Freedom from angiographic restenosis 
referred to <50% stenosis on angiography performed 
>3 months after angioplasty. Clinical restenosis was de- 
fined by angiographic restenosis or recurrence of angi- 
na, positive exercise treadmill test or development of 
myocardial infarction. The overall restenosis rate was 
calculated by combining the angiographic and clinical 
restenosis rates in patients who did not undergo follow- 
up angiography. Abrupt vessel closure was defined by 
total or subtotal occlusion of the vessel after attempted 
angioplasty with corresponding Thrombolysis in Myo- 
cardial Infarction (TIMI) grade 0-1 flow,‘ with or 
without associated symptoms or signs of ischemia. Bi- 
furcation lesions involved and completely surrounded 
the origin of a side branch of 21.5 mm diameter. Dif- 


fuse disease involved >20 mm segment of contiguous 
stenosis of >50% severity. Calcified lesion was defined 
by the presence of patchy radiodensity within the vessel 
wall at the stenosis. Coronary artery dissection was de- 
fined as either a radiolucent area, often linear, within 
the coronary lumen during contrast injection, parallel 
tracts or double lumen separated by a radiolucent area, 
contrast outside the coronary lumen but within the wall 
of the vessel, or spiral luminal filling defects. Coro- 
nary artery perforation was defined by a persistent ex- 
travascular collection of contrast medium beyond the 
vessel wall with well-defined exit port and was subclassi- 
fied as type I if it led to a major clinical complication 
(death, myocardial infarction or need for emergency 
surgery) or as type II if no clinical sequelae occurred 
after adjunctive balloon angioplasty. An eccentric steno- 
sis was defined as a stenosis asymmetrically positioned 
in any angiographic view. Lesion length was measured 
with calipers, using catheter calibration to account for 
magnification, and defined as the distance from the 
proximal to the distal shoulder spanning >50% stenosis 
in a nonforeshortened projection. Multivessel disease 
was denoted by >2 myocardial territories (anterior, lat- 
eral and inferior/posterior) supplied by vessels contain- 
ing >50% stenoses.’ Myocardial infarction was defined 
by prolonged angina (>30 minutes), total creatine ki- 
nase increased to greater than the upper limit of normal 
at each institution (confirmed by creatine kinase-MB 
isoenzyme increase), with electrocardiographic evidence 
of infarction (which was defined as either ST-segment 
elevation, primary ST-segment depression or new, sig- 
nificant Q waves in =2 contiguous leads). Vessel tortu- 
osity was considered to be present if the laser catheter 
had to traverse 2 bends of >45° to cross the stenosis, as 
evidenced from an end-diastolic projection that was not 
foreshortened. 

Statistical analysis: Logistic regression analysis was 
used to identify predictors of clinical success, major 
complication and restenosis from a series of variables 
that may affect such outcomes: location of stenosis, re- 
stenosis after prior balloon angioplasty, lesion length, 
calcification, total occlusion, bifurcation lesion, presence 
of multivessel coronary artery disease, or the use of ad- 
junctive balloon angioplasty. Odds ratios were calculat- 
ed to give the probability that a given variable increased 
or decreased the likelihood of success, complication or 
restenosis compared with all other patients without the 
variable.* Odds ratios with 95% confidence limits for 
clinical success and restenosis were calculated according 
to the method of Woolf.’ All statistical analyses were 
performed with a standard statistical package (SAS, 
Cary, North Carolina). Of the variables evaluated, 
those found to have borderline significance on univar- 
iate analysis (p <0.150) were included in the multivari- 
ate analysis with logistic regression.’ All data are pre- 
sented as mean + SD. 


RESULTS 

Patients: Excimer laser coronary angioplasty was at- 
tempted in 764 consecutive patients. The average age of 
the patients was 61 years, and 75% were men. Most 
patients (75%) had Canadian Cardiovascular Society 
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class III or IV angina before treatment (Table I). Pa- 
tients had a total of 858 stenoses that were intended for 
treatment with excimer laser coronary angioplasty (Ta- 
ble II). Lesions involved the 3 coronary arteries and 
saphenous vein bypass grafts. According to a classifica- 
tion of lesion severity,!° 15% of lesions were character- 
ized as type A or “simple” lesions, whereas 49% were of 
moderate complexity (type B), and 28% were complex 
(type C). 

Clinical success rates: Of 858 lesions intended for 
treatment with excimer laser angioplasty, successful 
passage of the laser catheter through the lesion leading 
to a reduction in the stenosis by 220% was achieved in 
678 lesions (79%). The 1.4 mm catheter was used for 
28.1% of the lesions, the 1.7 mm catheter for 68.6%, 
and the 2.0 mm catheter for 3.3%. In 515 treated le- 
sions (60%), <50% residual stenosis was achieved after 
use of excimer laser alone. To achieve an optimal result, 
however, adjunctive balloon angioplasty was used to di- 
late 712 lesions (83%) further. At the end of the proce- 
dure, mean stenosis severity was 25.8 + 7.8% after laser 
and adjunctive balloon angioplasty, and 37.2 + 11.1% 
after laser alone (p <0.01). 

Clinical success, defined by <50% stenosis and no 
major complication (death, Q-wave or non-Q-wave 
myocardial infarction, abrupt vessel closure, repeat per- 
cutaneous transluminal coronary angioplasty or need 
for bypass surgery) at any time during hospitalization, 
was observed in 657 patients (86%). Clinical success 
was not related to lesion complexity, as graded by the 
modification!! of the American College of Cardiolo- 
gy/American Heart Association Classification!’ (87% 
for type A, 87% for B1, 85% for B2, and 87% for C; 
p = not significant). However, clinical success was relat- 
ed to investigational site; treatment sites enrolling 225 
patients had higher clinical success rates than did those 
enrolling <25 (p = 0.001). 

Angiographically successful dilatation of saphenous 
vein graft lesions (mean age 8.0 + 2.1 years) was 
achieved in 90 of 94 patients (96%). Clinical success 
with saphenous vein graft lesions was observed in 87 
patients (93%), as defined by the absence of any major 
complication during hospitalization. 

Clinical success was achieved in 15 of 16 patients 
(94%) who had a failed attempt at balloon angioplasty 
that was believed to be unsuccessful because of inability 
to pass a balloon over a guidewire or to dilate a resistant 
stenosis (unsuccessful balloon dilatation). Clinical suc- 
cess rates for other complex lesion types were 87% for 
ostial lesions, 86% for all lesions >20 mm, 85% for all 
lesions >10 mm, 84% for total occlusions that could be 
crossed with a guidewire, 83% for calcified stenoses, and 
75% for bifurcation lesions. 

Complication rates: Complication rates for the en- 
tire cohort are listed in Table III. There were 5 deaths 
during hospitalization (0.7%). The incidence of acute Q- 
wave and non-Q-wave myocardial infarctions at any 
time during hospitalization in this group of patients was 
3.5%. Abrupt closure occurred either in or outside the 
cardiac catheterization laboratory in 5.4% of cases. By- 
pass surgery was needed on an emergency or semielec- 
tive basis in 31 patients (4.1%). The predominant rea- 


TABLE II Descriptors of 858 Stenoses 


Vessel (%) 


Left anterior descending artery 365 (42.5) 
Right coronary artery 224 (26.1) 
Circumflex coronary artery 80 (9.3) 
Obtuse marginal branch 75 (8.7) 
Diagonal coronary branch 11 (1.3) 
Left main coronary artery 9 (1) 
Saphenous vein graft 94 (11) 
Eccentric (%) 382 (44.5) 
Calcified (%) 170 (19.8) 
Total occlusion (%) 127 (14.8) 
Bifurcation (%) 54 (6.3) 
Restenosis (%) 417 (48.6) 
Ostial (%) 47 (5.5) 
Tubular (10—20 mm) (%) 161 (18.8) 
Diffuse (> 20 mm) (%) 80 (9.3) 
Unsuccessful balloon dilatations (%) 16 (1.9) 


TABLE lli Complication Rates 


Major complications for 764 patients (%) 
Q-wave MI 
Non-Q-wave MI 
CABG during hospitalization 
Death during hospitalization 
Overall major complication rate 
Complications for 858 stenoses (%) 
Significant dissection* 
Minor dissection 
Significant perforation (type IT 
Minor extravasation (type ll) 
Spasm 
Abrupt closure 
Embolization 
Aneurysm formation 
Filling defect 


5 (0.7) 
22 (2.9) 
31 (4.1) 

5 (0.7) 
58 (7.6) 


32 (3.7) 
123 (14.3) 
9 (1) 
14 (1.6) 
45 (5.2) 
46 (5.4) 
12 (1.4) 
2 (0.2) 
20 (2.3) 
*Significant dissection resulted in either myocardial infarction, reduction in coronary 
flow to Thrombolysis in Myocardial Infarction grade <2, need for bypass surgery, or 
dee Significant perforation (type |) resulted in myocardial infarction, or needed either 


emergency pericardiocentesis or surgery. ‘aid 
CABG = coronary artery bypass surgery; MI = myocardial infarction. 





sons for bypass surgery were major dissection or abrupt 
closure, or both, in 19 patients (2.5%), perforation in 8 
(1.1%), thrombus formation in 2 (0.3%), and uncompli- 
cated procedural failure in 2 (0.3%). 

Major complications occurred in 19 of 256 cases of 
cases in which the 1.4 mm laser catheter was used 
(7.4%), in 47 of 625 with the 1.7 mm catheter (7.5%), 
and in 0 of 30 with the 2 mm catheter. (In some cases, 
>l laser catheter was used per lesion.) Twenty-three 
patients had perforation of the coronary artery during 
laser angioplasty. Nine patients had type I perforations; 
2 needed emergency pericardiocentesis and bypass sur- 
gery, 6 needed emergency surgery alone, and | had 
myocardial infarction. Fourteen patients had type II 
perforations with an uncomplicated course after balloon 
angioplasty or prolonged inflation of the Stack perfu- 
sion catheter (Advanced Cardiovascular Systems, Santa 
Clara, California) for contrast extravasation.!* No pa- 
tient with coronary artery perforation died. Major com- 
plications were not related to lesion complexity, as grad- 
ed by the American College of Cardiology/American 
Heart Association Classification.!° 

Major complications occurred in 16% of patients 
who had a bifurcation lesion treated, in 8.9% with le- 
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sions <10 mm in length, in 5.6% with lesions >10 mm, 
in 5.2% with lesions >20 mm and in 5.2% with a total 
occlusion that could be crossed with a guidewire. 

Clinical and angiographic restenosis: Clinical fol- 
low-up was obtained in 424 of 452 eligible patients 
(94%) who had reached the 6-month anniversary after 
successful excimer laser angioplasty. Of 296 patients 
with angiographic follow-up, a >50% stenosis was 
found at 21 treated site in 177 cases (60%). Of 128 
patients with noninvasive follow-up only (exercise tread- 
mill testing, recurrence of angina, or development of 
acute myocardial infarction), restenosis was suspected 
in 18 (14%). These figures combined yield an overall 
restenosis rate of 46%. 

Restenosis was observed in 32% of ostial lesions 
treated with excimer laser-facilitated coronary angio- 
plasty, in 37% of patients who had saphenous vein graft 
lesions, in 43% of calcified stenoses, in 47% of total oc- 
clusions and in 59% of lesions >10 mm in length. Reste- 
nosis was not related to lesion complexity, as graded by 
American College of Cardiology/American Heart As- 
sociation Classification (p = 0.655).!° 

Predictors of clinical success: Multivariate analysis 
with logistic regression showed that certain angiograph- 
ic features such as lesions at a vessel bifurcation (p = 
0.070) have a borderline decreased likelihood of clinical 
success compared with lesions not at a side branch (Fig- 
ure 1). Multivariate analysis showed that saphenous 


Variable (N = 858) 
Saphenous vein graft lesion 
Restenosis after prior PTCA 
Balloon dilatation failure 
Alpha class lesion 
Ostial lesion 
Eccentric stenosis 
Lesion length >20 mm 
Lesion length >10mm 
Total occlusion 
Calcified stenosis 
Multivessel disease 
Tortuous vessel 
Bifurcation legion 


Sea! Se 


1.00 


Predictors of Clinical Success 
Odds Ratio (95% Confidence Interval) 


Variable (N=764) 


Bifurcation lesion 
Eccentric stenosis 
Calcified stenosis 
Multivessel disease 
Tortuous vessel 
Ostial lesion 

Lesion length >20 mm 
Saphenous vein graft lesion 
Total occlusion 
Lesion length >10mm 
Alpha class lesion 


Restenosis after prior PTC 


1 


Predictors of Major Complications 
Odds Ratio (95% Confidence Interval) 





vein graft lesions (p = 0.050) have better success rates 
than those in the native coronary arteries. Diffuse dis- 
ease with lesions >20 mm in length (p = 0.726), total 
occlusions that could be crossed with a guidewire 
(p = 0.213), ostial stenoses (p = 0.903) and calcified le- 
sions (p = 0.103) were treated as successfully as all oth- 
er lesion types. Successful treatment with excimer laser 
coronary angioplasty was also achieved in 15 of 16 pa- 
tients with unsuccessful balloon dilatation (p = 0.410). 
Predictors of acute complications: Multivariate 
analysis identified independent predictors of major com- 
plications (Figure 2). Treatment of bifurcation lesions 
(p = 0.002) was associated with an increased risk of 
acute complications. Patients with multivessel disease 
were more likely to have a major complication than 
were those with 1-vessel disease (p = 0.011). Patients 
with calcified stenoses were more likely to have a major 
complication than were those with noncalcified stenoses 
(p = 0.024). However, when calcified stenoses were 
grouped together with 5 other lesion types in the “alpha 
group” (calcified stenoses, saphenous vein graft lesions, 
total occlusions, lesions >10 mm, ostial lesions and un- 
successful balloon dilatations), we observed a decreased 
risk of acute, major complications as compared with le- 
sions that did not fit the classification (p = 0.006). 
Predictors of restenosis: Relative risk analysis was 
used to identify predictors of overall restenosis after ex- 
cimer laser angioplasty (Figure 3). The analysis showed 


P value 


0.057 
0.027 
0.410 
0.703 
0.903 
0.882 
0.726 
0.436 
0.213 
0.130 
0.148 
0.356 
0.019 


Multivariate 
0.050 
0.030 


FIGURE 1. Odds ratios and 95% confi- 
dence intervals for angiographic variables 
were calculated to identify predictors of 


plasty [PTCA], death or ror prany)”. 


FIGURE 2. Odds ratios and 95% confi- 
dence intervals were calculated to identify 
predictors of major complications. Vari- 
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in increased risk of restenosis when adjunctive balloon 
ingioplasty was not used (p = 0.049 by univariate anal- 
isis, and 0.060 by multivariate analysis) and for lesions 
>10 mm in length (p = 0.016). Other variables known 
o affect the outcome of balloon angioplasty, such as a 
esion in a degenerated saphenous vein bypass graft, did 
aot influence restenosis rates. 


DISCUSSION 

In this multicenter study, investigators at 26 sites 
used excimer laser-facilitated coronary angioplasty to 
treat patients with a wide range of coronary anatomy. 
The acute clinical success rate was 86%, and the overall 
restenosis rate was 46%. Slightly higher acute success 
rates have been reported from individual centers!'>! 
and small multicenter experiences.? However, this re- 
port deals with results from different centers at various 
points along the “learning curve,” and thus provides a 
broad and realistic representation of the acute success 
rates for many different types of institutions. 

This study is not a randomized investigation com- 
paring excimer laser-facilitated angioplasty with balloon 
angioplasty alone. This study was designed to gain as 
broad an experience as possible with a new technology 
to identify areas of promise for further investigation. 
Without internal controls, this analysis did not enable 
rigorous comparison of excimer laser coronary angio- 
plasty with balloon angioplasty. This study used relative 
risk analysis to define the likelihood of clinical success 
or restenosis after excimer laser coronary angioplasty by 
comparing results among the entire laser angioplasty 
cohort. Acceptable success rates and lower complication 
rates have been observed for certain complex lesion 
types that we have denoted the alpha class, which in- 
cludes saphenous vein graft and long lesions, ostial le- 
sions, calcified stenoses, total occlusions and unsuccess- 
ful balloon dilatations. Considered together, the 6 lesion 
types had lower complication rates by relative risk anal- 
ysis. Although the low complication rate for saphenous 
vein graft lesions offsets the rate for calcified stenoses, 
no lesion type in the alpha class had a significantly re- 
duced likelihood of acute success. 

In addition to relative risk analysis, excimer laser re- 
sults can be compared with balloon angioplasty results 


TABLE IV Saphenous Vein Grafts 







Excimer Balloon* 
No. of lesions 100 48 
Bypass graft age (year) 8 (all >3 years) 7.5 (all >3 years) 
Procedural success 96 (96%) 44 (92%) 
Complications 
Death 1 (1%) 2 (4%) 
Myocardial infarction 2 (2%) 6 (13%) 
Coronary artery bypass 1 (1%) 2 (4%) 
surgery 
Overall restenosis 26/70 (37%) 32/39 (82%) 


*From Platko et al.2° 








TABLE V Aorto-Ostial Stenoses 





Directional 


Excimer Balloon* Atherectomyt 


22 53 21 
19 (86%) 42 (79%) 15 (71%) 














No. 
Procedural success 
Complications 











Death 0 (0%) 0 (0%) — 
Myocardial infarction 0 (0%) 3 (6%) — 
Coronary artery bypass 1 (5%) 5 (9%) — 


surgery 


*From Topol et al!®; tfrom Robertson et al.!® 
— = data not available. 







for separate types of lesions reported in the literature. 
When this was done, we observed that excimer laser 
coronary angioplasty may be associated with lower rates 
of myocardial infarction than is balloon angioplasty for 
lesions in saphenous vein grafts (Table IV). Excimer la- 
ser-facilitated angioplasty may also have advantages 
over other forms of therapy for ostial or aorto-ostial le- 
sions.! Unlike directional atherectomy!> and balloon an- 
gioplasty,!® which have reduced success rates at aorto- 
ostial sites (71 and 74%, respectively), excimer laser- 
facilitated coronary angioplasty is equally successful at 
aorto-ostial and non-aorto-ostial sites, as demonstrated 
by the relative risk analysis presented in this study (Ta- 
ble V). 

Long lesions are more difficult to treat with balloon 
angioplasty than are discrete ones.!? Using relative risk 
analysis, we observed no effect of lesion length on acute 


Variabl N = 451 
Treatment with laser alone 
Lesion length >20 mm 
Lesion length >10mm 


Alpha class lesion 
Restenosis after prior PTCA 
Bifurcation lesion 
Eccentric stenosis 


FIGURE 3. Odds ratios and 95% confi- 
dence intervals were calculated to identify 
predictors of overall restenosis. Variables 
with odds ratio significantly >1 were asso- 
ciated with increased likelihood of resteno- 
sis. PTCA = percutaneous 

coronary angioplasty. 


Total occlusion 
Balloon dilatation failure 
Calcified stenosis 
Saphenous vein graft lesion 
Ostial lesion 





1.00 


Predictors of Restenosis 
Odds Ratio (95% Confidence Interval) 





EXCIMER LASER ANGIOPLASTY 1537 


A 
MIT En 





TABLE VI Tota! Occlusions Treated with Excimer Laser 
Coronary Angioplasty 


No. 
Procedural success 
Complications 

Death 

Myocardial infarction 

Coronary artery bypass surgery 
Overall restenosis 












127 
107 (84%) 







1 (1%) 
1 (1%) 
1 (1%) 
21/46 (46%) 







clinical success rates with excimer laser coronary angio- 
plasty. 

Calcified lesions showed a trend toward lower clini- 
cal success with excimer laser angioplasty than did non- 
calcified ones. Because studies of balloon angioplasty 
alone reported that calcified stenoses were associated 
with significantly decreased success rates,!’ the excimer 
laser-facilitated success rates initially appear encourag- 
ing and suggest that direct comparison of excimer laser 
with balloon angioplasty for calcified lesions is warrant- 
ed. However, we observed higher complication rates af- 
ter excimer laser angioplasty in calcified lesions than in 
noncalcified ones. To clarify the role of excimer laser 
versus balloon angioplasty in the treatment of calcified 
lesions, a grading system for calcification severity (e.g., 
mild, moderate or severe) may be useful. 

Total occlusions are difficult to treat with balloon 
angioplasty. Although the greatest barrier to success in 
treating these stenoses is the successful intraluminal 
passage of the guidewire, the overall success and com- 
plication rates for excimer laser coronary angioplasty 
appear very favorable when the lesion can be recanal- 
ized with a guidewire (Table VI). 

Patients who benefited most clearly from excimer 
coronary angioplasty were those who had unsuccessful 
but uncomplicated balloon angioplasty. Such patients 
had undergone a full attempt at balloon angioplasty in 
which the operator crossed the lesion with a guidewire 
but then found a stenosis that resisted either balloon 
passage or full dilatation. In such cases,'® all efforts 
with balloon angioplasty were exhausted before the op- 
erator declared it unsuccessful and attempted to obtain 
informed consent from the patient for excimer laser cor- 
onary angioplasty. 

Although excimer laser coronary angioplasty was 
first investigated as a method of reducing restenosis, it 
is now clear that this problem will not be overcome with 
the current technology. The angiographic restenosis rate 
of 60% reported in this study may reflect the bias inher- 
ent in incomplete angiographic follow-up (70% angio- 
graphic follow-up for this study). Symptomatic patients 
are more likely to comply with the protocol requirement 
of a 6-month follow-up angiogram than are asympto- 
matic ones. Using the model of Califf et al,!9 and an 
estimated restenosis rate of 18% in asymptomatic pa- 
tients who did not return for angiography, we would 
expect an angiographic restenosis rate of 47% if com- 
plete angiographic follow-up were achieved. This esti- 
mate is equivalent to the actual value of 46% obtained 
when we combined angiographic and clinical restenosis 
rates for the eligible patients in this study. Although 
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adjunctive balloon angioplasty may reduce the likeli- 
hood of restenosis after excimer laser coronary angio- 
plasty, restenosis remains a significant limitation of the 
procedure and will restrict the usefulness of excimer la- 
ser angioplasty for many other types of lesions. How- 
ever, use of adjunctive balloon angioplasty after excimer 
laser angioplasty reduces the residual stenosis and either 
directly or indirectly decreases the probability of reste- 
nosis. This suggests that the immediate goal of the pro- 
cedure should be to obtain the largest lumen possible. 

The major limitation of this report is that all data 
were voluntarily reported by individual investigators at 
multiple treatment sites. Absence of a core laboratory 
for angiography does not enable uniform use of defini- 
tions or systematic reporting of quantitative measure- 
ments. To overcome some limitations of a multicenter 
trial, all centers agreed prospectively on a uniform set of 
definitions. Second, angiographic follow-up was incom- 
plete, with a 70% compliance rate. Greater accuracy in 
identifying restenosis rates would have been obtained 
with more complete angiographic follow-up. Third, this 
study is not a direct comparison with balloon angio- 
plasty. Many reports of success rates for balloon angio- 
plasty included patients who were treated before 1986. 
Thus, current controls are absent. Fourth, patients en- 
rolled in this trial were treated with relatively rigid pro- 
totype laser catheters. Flexible and directional catheters 
with optical fibers <100 um in diameter, directional 
guidance or tip-deflecting capabilities may be used suc- 
cessfully with many lesion types, such as eccentric ste- 
noses or lesions at a vessel bifurcation, which have less 
than ideal success rates with excimer laser coronary an- 
gioplasty in its current stage of development. 


APPENDIX 
Centers and investigators for the Percutaneous Ex- 
cimer Laser Coronary Registry: Alabama 


Heart Institute, Birmingham, Alabama (Eric Cohen, 
MD); Arizona Heart Institute, Phoenix, Arizona (Rob- 
ert M. Siegel, MD); Brigham and Women’s Hospital, 
Boston, Massachusetts (John A. Bittl, MD); Crawford 
Long Hospital, Atlanta, Georgia (Douglas C. Morris, 
MD), Duke University Medical Center, Durham, 
North Carolina (James E. Tcheng, MD, Harry R. Phil- 
lips, MD); George Washington University Medical 
Center, Wahington, D.C. (Jerome Segal, MD); Good 
Samaritan Hospital, Phoenix, Arizona (Nathan Laufer, 
MD); Gunderson Clinic, La Crosse, Wisconsin (Julio 
Bird, MD, Robert Green, MD); Memorial Hospital, 
Colorado Springs, Colorado (Chester Kucinski, MD, 
Richard Blonder, MD); Methodist Hospital, Lubbock, 
Texas (Paul Walter, MD, Paul Overlie, MD); Mills- 
Peninsula Hospital, Palo Alto, California (Robert Gins- 
burg, MD); Mt. Sinai Medical Center, Miami Beach, 
Florida (Paul S. Swaye, MD, Paul Vignola, MD); Mt. 
Sinai Medical Center, New York, New York (Timothy 
A. Sanborn, MD); New England Deaconess Hospital, 
Boston, Massachusetts (George S. Abela, MD); North- ` 
western Memorial Hospital, Chicago, Illinois (Barry 
Kramer, MD); Penrose-St. Francis Hospital, Colorado 
Springs, Colorado (John Kleiner, MD, Richard Mooth- 
art, MD); Scott & White Clinic, Temple, Texas (Linley 
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Watson, MD); Southeast Missouri Hospital, Cape Gi- 
rardeau, Missouri (Charles R. Talbert, MD, James 
Chapman, MD); St. Elizabeth’s Hospital, Boston, 
Massachusetts (Jeffrey M. Isner, MD); St. Francis 
Hospital, Roslyn, New York (Ronnie Hershman, MD); 
St. Francis Medical Center, Pittsburgh, Pennsylvania 
(John Power, MD); Tampa General Hospital, Tampa, 
Florida (Saurabh K. Chokshi, MD); Texas Heart Insti- 
tute, Houston, Texas (Michael Schnee, MD, Richard 
Leachman, MD); University of California, Irvine Medi- 
cal Center, Irvine, California (Jonathan Tobis, MD); 
University of Iowa, Iowa City, Iowa (Michael Winni- 
ford, MD); and University of Michigan Hospital, Ann 
Arbor, Michigan (Stephen G. Ellis, MD). 


REFERENCES 

1. Cook SL, Eigler NL, Shefer A, Goldenberg T, Forrester JS, Litvack F. 
Percutaneous excimer laser coronary angioplasty of lesions not ideal for balloon 
angioplasty. Circulation 1991;84:632-643. 

2. Karsch KR, Haase KK, Voelker W, Baumbach A, Mauser M, Seipel L. 
Percutaneous coronary excimer laser angioplasty in patients with stable and 
unstable angina pectoris. Acute results and incidence of restenosis during 6-month 
follow-up. Circulation 1990;81:1849-1859. 

3. Bittl JA, Sanborn TA. Excimer laser-facilitated coronary angioplasty: relative 
risk analysis of acute and follow-up results in 200 patients. Circulation 1992; 
86:71-80. 

4. The TIMI Study Group. The Thrombolysis in Myocardial Infarction (TIMI) 
trial: Phase I findings. N Engl J Med 1985;312:932-936. 

5. Dorros G, Cowley MJ, Simpson J, Bentivoglio LG, Block PG, Bourassa M, 
Detre K, Gosselin AJ, Griintzig A, Kelsey SF, Kent KM, Mock MB, Mullin SM, 
Myler RK, Passamani ER, Stertzer SH, Williams DO. Percutaneous translumin- 
al coronary angioplasty: report of complications from the National Heart, Lung, 
and Blood Institute PTCA Registry. 1983;67:723-730. 

6. Huber MS, Mooney JF, Madison J, Mooney MR. Use of a morphologic 
classification to predict clinical outcome after dissection from coronary angio- 
plasty. Am J Cardiol 1991;467-471. 

7. The BARI Investigators. Protocol for the Bypass Angioplasty Revasculariza- 
tion Investigation. Circulation 1991;84(Suppl V):V-1-V-27. 

8. Glantz SA, Slinker BK. Regression with a qualitative dependent variable. In: 


Glantz SA, Slinker BK, eds. Primer of Applied Regression and Analysis of 
Variance. New York: McGraw-Hill, 1990:512-568. 

9. Kahn HA, Sempos CT. Relative risk and odds ratio. In: Kahn HA, Sempos CT, 
eds. Statistical Methods in Epidemiology. New York: Oxford University Press, 
1989:45-71. 

10. Ryan TJ, Faxon DP, Gunnar RM, Kennedy JW, King SB III, Loop FD, 
Peterson KL, Reeves TJ, Williams DO, Winters WLJ, et al. Guidelines for 
percutaneous transluminal coronary angioplasty. A report of the American Col- 
lege of Cardiology/American Heart Association Task Force on Assessment of 
Diagnostic and Therapeutic Cardiovascular Procedures (Subcommittee on Percu- 
taneous Transluminal Coronary Angioplasty). Circulation 1988;78:486-5S02. 
11. Ellis SG, Vandormael MG, Cowley MJ, DiSciascio G, Deligonul U, Topol E, 
Bulle TM, Multivessel Angioplasty Prognosis Study Group. Coronary morpho- 
logic and clinical determinants of procedural outcome with angioplasty for mul- 
tivessel coronary disease: implications for patient selection. Circulation 1990; 
82:1193-1202. 

12. Parker JD, Ganz P, Selwyn AP, BD) JA. Successful treatment of an excimer 
laser-associated coronary artery perforation with the Stack perfusion catheter. 
Cathet Cardiovasc Diagn 1991;22:118-123. 

13. Sanborn TA, Torre SR, Sharma SK, Hershman RA, Cohen M, Sherman W, 
Ambrose JA. Percutaneous coronary excimer laser-assisted balloon angioplasty: 
initial clinical and quantitative angiographic results in 50 patients. J Am Coll 
Cardiol 1991;17:94-99. 

14. Litvack F, Eigler NL, Margolis JR, Grundfest WS, Rothbaum D, Linne- 
meier T, Hestrin LB, Tsoi D, Cook SL, Krauthamer D, Goldenberg T, Laudens- 
lager J, Segalwitz J, Forrester JS. Percutaneous excimer laser coronary angio- 
plasty. Am J Cardiol 1990;66:1027-1032. 

15. Hinohara T, Rowe MH, Robertson GC, Selmon MR, Braden L, Leggett JH, 
Vetter JW, Simpson JB. Effect of lesion characteristics on outcome of directional 
coronary atherectomy. J Am Coll Cardiol 1991;17:1112-1120. 

16. Topol EJ, Ellis SG, Fishman J, Leimgruber P, Myler RK, Stertzer SH, 
O'Neill WW, Douglas JS, Roubin GS, King SB III. Multicenter study of percuta- 
neous transluminal angioplasty for right coronary artery ostial stenosis. J Am Coll 
Cardiol 1987;9:1214-1218. 

17. Savage MP, Goldberg S, Hirshfeld JW, Bass TA, MacDonald RG, Margolis 
JR, Taussig AS, Vetrovec G, Whitworth HB, Zalewski A, Hill JA, Cowley M, 
Jugo R, Pepine CJ. Clinical and angiographic determinants of primary coronary 
angioplasty success. J Am Coll Cardiol 1991;17:22-28. 

18. Israel DH, Marmur JD, Sanborn TA. Excimer laser-facilitated balloon 
angioplasty of a nondilatable lesion. J Am Coll Cardiol 1991;18:1118-1119. 
19. Califf RM, Fortin DF, Frid DJ, Harlan WRI, Ohman EM, Bengtson JR, 
Nelson CL, Tcheng JE, Mark DB, Stack RS. Restenosis after coronary angio- 
plasty: an overview. J Am Coll Cardiol 1991;17(suppl B):2B-13B. 

20. Platko WP, Hollman J, Whitlow PL, Franco I. Percutaneous transluminal 
angioplasty of saphenous vein graft stenosis: long-term follow-up. J Am Coll 
Cardiol 1989;14:1645-1650. 


EXCIMER LASER ANGIOPLASTY 1539 


Prediction of Risk for Hemodynamic Compromise 
During Percutaneous Transluminal 
Coronary Angioplasty 


Bruce A. Bergelson, MD, Alice K. Jacobs, MD, L. Adrienne Cupples, PhD, 
Nicholas A. Ruocco, Jr., MD, Michael G. Kyller, RN, 
Thomas J. Ryan, MD, and David P. Faxon, MD 


The availability of circulatory support devices has 
increased the importance of accurately identifying 
patients at risk for hemodynamic compromise dur- 
ing percutaneous transluminal coronary angio- 
plasty (PTCA). Accordingly, prospective evalua- 
tion of 3 criteria to predict hemodynamic compro- 
mise (defined as a decrease in systolic blood 
pressure >20 to <90 mm Hg during balloon infla- 
tion) in 157 patients (group A) undergoing PTCA 
was performed. Left ventricular ejection fraction 
<35% had a sensitivity of 13% and a specificity of 
95%. Greater than 50% of the myocardium at 
risk was associated with a sensitivity of 31% and 
a specificity of 85%. The angiographer’s assess- 
ment of high risk for hemodynamic compromise 
had the highest sensitivity of 56% and a specific- 
ity of 86%. The clinical and angiographic charac- 
teristics of these patients were reviewed to identi- 
fy risk factors retrospectively. Multivariate analy- 
sis of 28 variables identified multivessel disease, 
diffuse disease, myocardium at risk, and stenosis 
before PTCA as independent predictors of hemo- 
dynamic compromise. With use of this analysis, a 
13-point weighted scoring system was created 
based on the regression of coefficients of the vari- 
ables. Defining high risk for hemodynamic com- 
promise as a risk score >4, the sensitivity of this 
criterion in group A patients was 81% and the 
specificity was 74%. 

The scoring system was then prospectively ap- 
plied to 61 consecutive patients (group B) under- 
going PTCA. In using a risk score >4 to define 
high risk, this scoring system had a sensitivity of 
92% and a specificity of 92%. In the same popula- 
tion, ejection fraction <35% had a sensitivity of 
6% and >50% of myocardium at risk had a 13% 
sensitivity. Therefore, it is concluded that this 
scoring system substantially improves the ability 
to predict hemodynamic compromise during PTCA 
with a high sensitivity and specificity. 

(Am J Cardiol 1992;70:1540-1545) 
From the Evans Memorial Department of Clinical Research, and the 
Department of Medicine, Section of Cardiology, Boston University 
Medical Center, Boston, Massachusetts. Manuscript received March 
19, 1992; revised manuscript received July 21, 1992, and accepted July 
22. 

Address for reprints: Alice K. Jacobs, MD, Section of Cardiology, 
University Hospital, 88 East Newton Street, Boston, Massachusetts 
02118. 
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preprocedural clinical and angiographic charac- 

teristics are associated with an increased risk of 
acute complications during percutaneous transluminal 
coronary angioplasty (PTCA).'! With the availability 
of new circulatory support devices such as percutaneous 
cardiopulmonary bypass’? and others under clinical in- 
vestigation,!®!! PTCA in patients at high risk for hemo- 
dynamic collapse can be accomplished with a greater 
margin of safety. However, because each device has its 
own associated morbidity, the ability to predict ac- 
curately which patients are at high risk for hemody- 
namic compromise is of added importance. According- 
ly, we prospectively classified consecutive patients into 2 
groups (high risk and not high risk for hemodynamic 
compromise) based on clinical and angiographic vari- 
ables. The purpose of this study was to prospectively 
evaluate existing criteria for accuracy, to retrospectively 
formulate a more precise risk index for predicting he- 
modynamic compromise based on our findings, and 
then to test this new index in a prospective fashion. 


RR pecs studies have revealed that numerous 


METHODS 

The study cohort comprised 157 consecutive patients 
(group A) undergoing native vessel PTCA. Patients 
were assigned into high risk and not high risk subgroups 
on the basis of 3 separate criteria: (1) severely reduced 
left ventricular function (ejection fraction <35%); 
(2) the presence of extensive myocardium at jeopardy 
(>50% of myocardium at risk); and (3) the primary 
angiographer’s judgment of the patient’s risk of hemo- 
dynamic compromise considering, jointly, clinical and 
angiographic characteristics. Before the procedure, this 
prospective assessment of each patient’s risk was per- 
formed after consideration of clinical risk factors in- 
cluding advanced age, female gender, and the presence 
of serious concomitant illness, and, angiographic risk 
factors including proximal left anterior descending ar- 
tery stenosis, reduced left ventricular function, amount 
of myocardium at risk, and the presence of a high-risk 
lesion (type B or C lesion as defined by the Ameri- 
can Heart Association/American College of Cardiology 
Combined Task Force!*). Subsequent to the procedure, 
we compared predictions of high risk with the actual 
outcome of hemodynamic compromise (study phase I). 

To retrospectively identify factors associated with ` 
hemodynamic compromise, we reviewed the clinical and 
angiographic characteristics of each patient. All angio- 
grams were read by 2 investigators unaware of the out- 
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me and stenosis measurements were obtained with 
lectronic calipers in 2 orthogonal views. Multivariate 
sgression analysis of 28 clinical and angiographic vari- 
bles (Table I) was performed to determine indepen- 
ent predictors of hemodynamic compromise. Using the 
esults of this analysis, we created a weighted scoring 
ystem to predict the likelihood of hemodynamic com- 
romise based on the regression coefficients of the vari- 
bles in this model. The relative accuracy of this scoring 
ystem was compared with the other 3 criteria for pre- 
licting hemodynamic compromise within the study pop- 
lation (study phase II). 

This scoring system, derived from the regression 
nodel, was then prospectively applied to an additional 
51 consecutive patients (group B) undergoing PTCA, 
ind its predictive ability was judged against the actual 
yutcome of hemodynamic compromise during PTCA 
ind compared with criteria of left ventricular ejection 
traction <35% and extensive myocardium at risk in this 
opulation (study phase III). 

Definitions: Hemodynamic compromise was defined 
is a decrease in systolic blood pressure by >20 mm Hg 
o <90 mm Hg with balloon inflation. Myocardium at 
‘isk was assessed by comparison of the coronary angio- 
xram and the left ventriculogram to estimate the frac- 
ion of the remaining viable myocardium distal to the 
stenosis undergoing dilatation. Weighted values were 
assigned for akinetic segments (0), hypokinetic seg- 
ments (0.5), and normally kinetic segments (1). Region- 
al wall motion was evaluated using the 10 segments of 
the right and left anterior oblique ventriculograms as 
used in the Coronary Artery Surgery Study.'? Diffuse 
disease was defined as the presence of >50% atheroscle- 
rotic narrowing >2 cm in length in the coronary seg- 
ment undergoing dilatation.'? Multivessel disease was 
defined as a >50% stenosis in at least 2 of 3 main coro- 
nary territories (left anterior descending, circumflex or 
right coronary arteries). 

Statistical analysis: Data are reported as mean + 
standard error of the mean. Groups of patients were 
compared using chi-square tests (or Fisher’s exact test) 
for categorical data and Student ¢ test for continuous 
data. Multivariate analysis was undertaken by a step- 
wise logistic regression procedure. A p value <0.05 was 
accepted as statistically significant. The scoring system 
was developed from the results of the multivariate mod- 
el. The relative influence of the variables in the model 
was measured by the product of the regression coeffi- 
cients and their respective standard deviations (stan- 
dardized coefficients). Our scoring system was then de- 
rived by applying weights to these standardized coeffi- 
cients. 


RESULTS 

Patient characteristics: Thirty patients were pro- 
spectively assigned by the primary angiographer to the 
high-risk subgroup. These patients were older (66 + 2 
vs 60 + 1 years, p <0.01), clinically more unstable (67 
vs 46%, p <0.08), had a higher incidence of diabetes 
mellitus (34 vs 13%, p <0.02), worse left ventricular 
function (50 + 3.2 vs 58 + 0.8%, p <0.03), more proxi- 
mal left anterior descending artery lesions (26 vs 16%, p 


TABLE I Patient Characteristics 





Clinical Angiographic 
Characteristics Characteristics 
Age Narrowing: ostial, bifurcation 
Sex bend point, eccentric, calci- 


fied, ulcerated, diffuse, throm- 
bus, length, vessel diameter, 
proximal LAD location 
Stenosis severity: pre-PTCA 
Disease extent: multivessel dis- 
ease, multivessel PTCA 
Myocardium: left ventricular 
ejection fraction, myocardium 
at risk 
Collaterals: supplied, received 
bridge 


LAD = left anterior descending artery; PTCA = percutaneous transluminal coronary 
angioplasty. 


<0.02) and more bifurcation lesions (15 vs 3%, p 
<0.02). 

Of the 157 subjects, 19 (12%) developed hemody- 
namic compromise. Comparison of clinical and angio- 
graphic variables in patients who developed hemody- 
namic compromise and in those who did not revealed 
few differences. Those who experienced hemodynamic 
compromise were more likely to be diabetic (37 vs 16%, 
p <0.05) and more likely to have diffuse disease (25 vs 
7%, p <0.05). There was no difference in age, gender, 
left ventricular function or the incidence of multivessel 
disease between patient groups with and without hemo- 
dynamic compromise. Figure 1 displays the incidence of 
left ventricular ejection fraction <35%, >50% myocar- 
dium at risk, and high-risk classification in patients who 
developed hemodynamic compromise and those who did 
not. Only the angiographer’s high-risk assessment was 
statistically different between groups with (47% high 
risk) and without (13% high risk) hemodynamic com- 
promise (p <0.001). 

Comparison of criteria: Figure 2 displays the sensi- 
tivity and specificity of each criterion in predicting he- 
modynamic compromise. The least sensitive but most 
specific criterion was left ventricular ejection fraction 
<35% with only 13% sensitivity but a 95% specificity. 
Greater than 50% of viable myocardium at risk had a 
sensitivity of 31% and specificity of 85%. The primary 
angiographer was able to judge high risk with the high- 
est sensitivity which was 56% and with a specificity of 
86%. 

Scoring system: phase Il: A stepwise multivariate 
logistic regression analysis determined which angio- 
graphic characteristics were independently predictive of 
hemodynamic compromise (Table II). Patients with 
multivessel disease were 4.3 times more likely to develop 
hemodynamic compromise than those without. Like- 
wise, patients with diffuse disease were >4 times as 
likely to experience this event than those without this 
trait. For every 10% of myocardium at jeopardy, there 
was a 1.7-fold risk of hemodynamic compromise. In 
contrast, severity of lesion stenosis was protective in that 
for each 10% higher pre-PTCA stenosis, patients were 


Unstable angina 

Prior myocardial infarction 
Cigarette smoker 
Systemic hypertension 
Diabetes mellitus 

Chronic renal failure 
Previous stroke 
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only 60% as likely to develop hemodynamic compro- 
mise. 

Using the results of this stepwise logistic regression 
model, a weighted 13-point scoring system was created 
(Table III). In this system, a subject with multivessel 
disease or with diffuse disease earns 3 points, whereas 
variable increased points are added for higher levels of 
the percent myocardium at risk and decreased points 
are added for higher pre-PTCA stenosis. For example, 
if a subject has neither multivessel disease nor diffuse 


TABLE H Multivariate Analysis of Predictors of Hemodynamic 
Compromise 


Angiographic Odds p Confidence 
Characteristics Ratio Value Interval 









Unit 
















Multivessel disease A 4.3 0.03 1.1-16.1 
Diffuse disease A 4.1 0.05 1.0—16.9 
Myocardium at risk 10% bs 0.03 1.1-2.7 
Pre-PTCA stenosis 10% 0.6 0.05 0.3-1.0 





PTCA = percutaneous transluminal coronary angioplasty. 


Group A (n=157) 


MM Hemodynamic compromise (n=19) 
O No hemodynamic compromise (n=138) 
*p<0.001 


LVEF<35% >50% 






TABLE Ill Scoring System 
Angiographic Characteristic Score 


Myocardium at risk (%) 












6-14 —2 
15-23 -1 
24-32 O 
33—41 l 
42—50 2 
51-59 3 
60-68 4 

Multivessel disease 3 






Pre-PTCA stenosis (%) 











50—57 3 
58-65 2 
66-73 1 
74-81 0 
82-89 -1 
90-97 —2 
98-100 -3 
Diffuse disease 3 





PTCA = percutaneous transluminal coronary angioplasty. 


FIGURE 1. The incidence of left ventricu- 
lar ejection fraction (LVEF) <35%, >50% 
viable myocardium at risk and the angiog- 
rapher’s assessment of high risk in pa- 
tients in group A with and without hemo- 
dynamic compromise. 


Angiographer’s 


Myocardium Assessment of 


at Risk 


Group A (n=157) 


High Risk 


W Sensitivity 
O Specificity 


LVEF<35% >50% 


FIGURE 2. The sensitivity and specificity 
of left ventricular ejection fraction (LVEF) 
<35%, >50% of viable myocardium at 


Angiographer’s 


Myocardium Assessment of 


at Risk 





High Risk 
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disease with 55% myocardium at risk and 90% pre- 
PTCA stenosis, the score is 1. If the subject has mul- 
tivessel disease, the score is 4. The score is then associ- 
ated with a probability estimate for hemodynamic com- 
promise (Figure 3). For example, a subject with a score 
of 1 is estimated to have a probability of developing 
hemodynamic compromise between 3 and 6%, whereas 
a subject with a score of 4 is estimated to have a proba- 
bility between 12 and 19%. If all subjects who have a 
score 24 are said to be highly likely to develop hemody- 
namic compromise, then the sensitivity of this criterion 
is 81% and the specificity is 74%. 

Validation of the scoring system: phase Ill: The 
scoring system was prospectively applied to an addition- 
al 61 consecutive patients undergoing PTCA of whom 
20% sustained hemodynamic compromise. Using a cut 
point of a risk score of 24 to define high risk for hemo- 
dynamic compromise, the scoring system had a sensitiv- 
ity of 92% and a specificity of 92% in this population. 
This compares favorably to an 8% sensitivity associated 
with left ventricular ejection fraction <35% and a 17% 
sensitivity found with >50% myocardium at risk within 
this study population subgroup (Figure 4). 


DISCUSSION 

Since the introduction of PTCA in 1977, clinical and 
angiographic indications for the procedure have evolved 
and expanded to include more patients. With advances 
in technology, increased operator experience, and fur- 
ther refinement in technique, one would expect the cur- 
rent incidence of complications to be lower than that 
present in the earlier days of PTCA. However, data 
suggest that PTCA is now being performed in higher 
risk patients who are older, have more multivessel dis- 
ease, more prior infarctions, and poorer left ventricular 
function.!4 

Comparison of the first and second National Heart, 
Lung, and Blood Institute PTCA Registries illustrates 
this evolution!*!>: New registry patients were older 
(mean age 57 vs 53 years), more frequently had mul- 
tivessel disease (53 vs 25%), and a reduced left ventricu- 


FIGURE 4. The sensitivity and specificity 
of left ventricular ejection fraction (LVEF) 
<35%, >50% viable myocardium at risk 


LVEF <35% 








Group A (n=157) 


5 
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Score 


FIGURE 3. The probability of hemodynamic compromise dur- 
ing percutaneous transluminal coronary angioplasty based on 
a weighted score in patients in group A. 


lar ejection fraction (19 vs 8%), and also had more un- 
stable angina, prior myocardial infarctions, previous 
coronary artery bypass surgery, congestive heart failure, 
diabetes mellitus, hypertension and cigarette smoking. 
They had more complex anatomy with more diffuse or 
tubular lesions, more eccentric or calcified lesions, and 
more severe stenoses. Despite this, in-hospital success 
rates improved during that time period, with angio- 
graphic success rates increasing from 67 to 88%. How- 
ever, the incidence of major complications of death, 
myocardial infarction, or emergency coronary artery 
bypass surgery remained unchanged at 7%. 

One recent technological advance that allows PTCA 
to be performed in higher risk patients with severely 
reduced left ventricular function and the potential for 
hemodynamic collapse is supported angioplasty using 
percutaneous cardiopulmonary bypass. Early feasibility 
studies concluded that percutaneous bypass could be 
performed to support high-risk PTCA with a high likeli- 
hood of initial success. However, vascular morbidity 
was not insignificant with an incidence of 43%.’* 


Group B (n=61) 


W Sensitivity 
O Specificity 


Score SA 


>50% 
Myocardium 
at Risk 
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The high incidence of associated morbidity makes 
the ability to identify, prospectively, patients most likely 
to benefit from a supported procedure that much more 
important. Several large retrospective studies of patients 
undergoing coronary angioplasty have identified both 
clinical and angiographic characteristics that correlate 
with a higher incidence of morbidity and mortality.!2° 
In particular, certain angiographic characteristics (left 
ventricular ejection fraction <35%, >50% myocardium 
at risk, last remaining patent vessel) have been chosen 
to identify patients at “manifest risk”; however, no pro- 
spective study has been published to assess the accuracy 
of this method of identifying the high-risk patient. This 
deficiency in the literature has been highlighted by the 
recent report of equal efficacy with less morbidity using 
a protocol of standby supported PTCA compared with 
prophylactic supported PTCA in patients classified high 
risk using these criteria.? The present study helps to sat- 
isfy this need and highlights our current inability to pre- 
dict a patient’s hemodynamic response to coronary bal- 
loon inflation. 

The relative inaccuracy of a single criterion in our 
study is evidence of the complex pathophysiology in- 
volved and the interrelationship of multiple variables 
that must be considered in making the best assessment 
of a patient’s risk. As a result of this complexity, our 
primary angiographer’s own assessment, though ob- 
tained in an unformalized manner, was the most accu- 
rate of the initial criteria tested. 

The multivariate analysis results suggest that the ex- 
tent of coronary disease and the ischemic burden are 
important predictors of hemodynamic compromise. Sev- 
eral large retrospective studies have shown multivessel 
disease to be associated with increased mortality during 
PTCA.>:!®!7 Diffuse disease of the segment is associ- 
ated with a higher incidence of acute complications and 
may be a marker for a greater extent of disease as well, 
but, as shown by the analysis, adds further prognostic 
information beyond multivessel itself.'* The myocardi- 
um at risk was found to be a more powerful predictor of 
risk than left ventricular ejection fraction. This is proba- 
bly because it better describes the risk to viable myocar- 
dium, and correctly downplays the importance of reduc- 
tion of blood flow during angioplasty to already im- 
paired myocardium. This concept is supported by Califf 
et al'® who reported that a jeopardy score based primar- 
ily on myocardium at risk and diffuseness of disease 
provided prognostic information in patients with coro- 
nary artery disease treated medically. This same jeopar- 
dy score, used in a study of patients undergoing PTCA, 
was confirmed as a predictor of outcome in that popula- 
tion by Ellis et al.'!? We modified the assessment of 
myocardium at risk to further integrate the degree of 
baseline wall motion. Whereas collateral vessels were 
not an independent predictor of risk, conventional angi- 
ography is insensitive in identifying these vessels. Physi- 
ologic evidence of the presence of collateral vessels can 
often be found when these vessels are not yet angio- 
graphically evident. Rentrop et a! showed that an in- 
creasingly severe coronary stenosis was associated with 
more angiographically evident collateral vessels, a high- 
er distal coronary occlusion pressure, and less hemody- 


namic and clinical compromise in the setting of abrupt 
occlusion. Similarly, pre-PTCA stenosis was an inde- 
pendent negative predictor of hemodynamic compro- 
mise in our study population, most likely due to in- 
creased collateral support in patients with more severe 
stenoses. 

Study limitations: This study is limited by relatively 
small numbers of patients undergoing coronary angio- 
plasty at our institution. Therefore, these findings will 
require corroboration in a larger multicenter cohort. In 
addition, hemodynamic compromise, rather than hemo- 
dynamic collapse was evaluated. However, the incidence 
of true collapse (requiring intravenous blood pressure 
support or placement of an intraaortic balloon) was 
quite low (4%) in our population (group A) and would 
require studying extremely large numbers of patients. It 
is also likely that in patients in whom hemodynamic 
compromise occurred during balloon inflation, pro- 
longed coronary occlusion (resulting from abrupt clo- 
sure or coronary dissection, or both) would result in he- 
modynamic collapse. 
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Classification of Morphologic Effects of 
Percutaneous Transluminal Coronary 
Angioplasty Assessed by Intravascular 
Ultrasound 


Thomas C. Gerber, MD, Raimund Erbel, MD, Günter Görge, MD, Junbo Ge, MD, 
Hans-Jürgen Rupprecht, MD, and Jürgen Meyer, MD 


The aim of this study was the assessment and 
classification of the morphologic effects of percu- 
taneous transluminal angioplasty (PTCA) by intra- 
vascular ultrasound (IU). Fifty-eight patients were 
examined immediately after PTCA with a 4.8Fr, 
20 MHz rotational tip IU system. In 10 patients 
(17%), IU images could not be analyzed due to 
failure of the imaging system or poor image quali- 
ty. In 48 patients (83%; 40 men and 8 women, 
aged 55 + 9 years), IU images of 48 PTCA seg- 
ments, as well as 41 distal and 44 proximal sites, 
were analyzed. The left anterior descending artery 
was studied in 30 patients, the right coronary ar- 
tery in 17 and the left main coronary artery in 1. 
Calcium was present in 32 of 48 PTCA segments 
(67%). Plaque morphology was concentric in 18 
patients (38%) and eccentric in 30 (62%). Seven 
distinct morphologic patterns were observed. In 
concentric plaques, plaque compression without 
significant wall alterations (type 1) was found in 2 
patients (4%), superficial tears within the plaque 
(type 2) in 1 (2%) and deep tears (type 3) in 8 
(17%). Deep tearing associated with submedial or 
subintimal dissection (type 4) was found in 2 pa- 
tients (4%). Dissection between plaque and vessel 
wall without noticeable intimal tearing (type 5) 
was the most common morphology (n = 15; 31%) 
and occurred in concentric and eccentric plaques. 
In eccentric plaques, no significant tearing of the 
plaque (type 6) was found in 6 patients (13%), and 
tearing of the plaque close to its base with dissec- 
tion (type 7) in 14 (29%). In the PTCA segment, 
minimal luminal diameter was 3.5 + 0.7 mm, max- 
imal luminal diameter 4.3 + 0.8 mm, luminal area 
11.8 + 4.1 mm, plaque area 9.6 + 5.5 mm? and 
vessel area 23.1 + 6.9 mm?. Mean residual steno- 
sis was 40%, mean recoil was —13%, and the cor- 
relation between luminal diameter and balloon size 
was low (r = 0.18). IU is a new imaging modality 
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that enables qualitative and quantitative assess- 
ment of coronary arteries after PTCA. A classifi- 
cation of IU findings after PTCA is proposed. 

(Am J Cardiol 1992;70:1546-1554) 


concerning the true mechanism and morphologic 

outcome of percutaneous transluminal coronary 
angioplasty (PTCA) is limited.* Information provided 
by coronary angiography is confined to entities such as 
dissection membranes and intraluminal haziness,? and 
may poorly correlate with actual coronary morphology 
after PTCA.4 Histologic assessment of coronary arteries 
after PTCA was obtained from patients who died after 
the procedure.*!’ Diiber et al! described plaque rup- 
ture leading to subintimal or submedial dissection, with 
or without stretching of the disease-free vessel wall, as a 
mechanism of PTCA. Intravascular ultrasound (IU) 
enables high-resolution cross-sectional imaging of the 
lumen and wall of the coronary arteries immediately af- 
ter PTCA.!8-2! Its use has been shown to be safe with 
regard to blood cell counts and fluid temperature in vi- 
tro even after prolonged application of 20 MHz ultra- 
sound 77 It has also been shown that IU accurately de- 
picts luminal dimensions and wall characteristics in hu- | 
man blood vessels in vitro and in comparison with 
angiography.*-*8 The aim of this study was to develop 
a morphologic classification of the effects of PTCA as 
assessed by IU based on autopsy reports published pre- 
viously. 


H: 15 years after its introduction,'! knowledge 


METHODS 

This study was performed in patients undergoing 
elective PTCA of significant coronary artery stenosis by 
angiography. Informed consent was given by all patients 
before the procedure. 

Coronary angiography and percutaneous translu- 
minal coronary angioplasty: Coronary cineangiograms 
on 35 mm x-ray film were obtained with Siemens Car- 
doskop U or Siemens HICOR catheterization equip- 
ment, using the standard Judkins angiographic tech- 
nique with 7Fr catheters through an 8Fr arterial sheath. 
For PTCA, the Judkins catheter was exchanged for an 
8Fr giant lumen guiding catheter (Medtronic, Inc., ` 
Minneapolis, Minnesota). An additional 5,000 IU of 
heparin was administered, and the patient was started 
on heparin (2,000 IU/hour) and dextran 6% (100 
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ml/hour) intravenously. After passage of a standard 
0.014 inch PTCA wire (ACS, Inc., Temecula, Califor- 
nia) through the stenotic segment, a PTCA catheter 
(“Slinky,” Baxter Corp., Irvine, California; “Slider,” 
Mansfield Corp., Watertown, Massachusetts) was 
passed over the wire to the stenosis. The size of the bal- 
loon was chosen according to the angiographic luminal 
diameter immediately proximal to the stenosis. Serial 
dilatations were performed until an angiographically 
optimal result was obtained. Intracoronary nitroglycer- 
in (0.2 mg) was administered before final angiograph- 
ic documentation. The maximal balloon size used was 
noted. 

intravascular ultrasound: The coronary IU device 
(Boston Scientific, Watertown, Massachusetts) consists 
of a shaft with a single element transducer at its tip 
rotating within a polyethylene outer catheter. The outer 
catheter has a diameter of 4.8Fr, and a length of 125 
cm. At its distal end, the catheter has a 1 cm long port 
for the guidewire. The transducer frequency is 20 MHz, 
and the rotation speed of the shaft is 650 to 800 cycles/ 
min. In this system, the ultrasound beam is angled for- 
ward at approximately 10°. Immediately before use, ap- 
proximately 1 ml of sterile water was injected into the 
acoustic chamber of the transducer shaft/catheter unit 
to optimize the ultrasound transmission. 

The catheter was used with an imaging console 
equipped with special software for 360° scans at 20 
MHz operation (Diasonics, Milpitas, California). IU 
images were displayed on a monitor with a 512 X 512 
pixel matrix at a rate of 10 to 15 frames/second and 
recorded on VHS videotape for subsequent off-line 
analysis. 

PROCEDURE: IU examination was performed immedi- 
ately after PTCA. After intracoronary administration 
of nitroglycerin (0.2 mg), the imaging catheter was in- 
serted into the treated coronary artery over the guide- 
wire in monorail technique and advanced as far as pos- 
sible. During a slow pullback, the position of the IU 
transducer was documented in 1 to 3 mm intervals by 
short, numbered sequences of x-ray film. Simultaneous- 
ly, the respective numbers were entered and recorded on 
the IU videotape to enable matching of x-ray and IU 
images. After its completion, the duration of the IU ex- 
amination was noted. 

Analysis: [U images of 48 PTCA segments, as well 
as 44 segments proximal and 41 distal to the area of 
dilatation, were analyzed. The area of dilatation was 
identified by matching the numbers entered on tape 
with transducer positions determined radiographically 
and with angiographic images obtained before and dur- 
ing PTCA, taking into account side branch positions. 
The IU image frame from the PTCA site showing the 
most marked coronary wall alterations and the narrow- 
est lumen was designated the “PTCA segment.” For the 
“proximal” or “distal” segment, representative frames 
were chosen from areas approximately 5 to 10 mm 
proximal or distal to the edges of the PTCA balloon. 

QUALITATIVE ASSESSMENT: IU recordings of the dila- 
tation segment were analyzed for presence of calcium, 
plaque morphology (concentric/eccentric), plaque rup- 
ture and dissection. Presence of calcium was defined as 


bright echodensity with distal shadowing.’? Plaque rup- 
ture was defined as separation of plaque fragments by 
echolucent tears of variable width and length. Dissec- 
tion was defined as separation of plaque from the vessel 
wall with nonsynchronous movement during the cardiac 
cycle. A plaque in the PTCA segment was considered 
eccentric if the ratio of plaque thicknesses on opposite 
sides of the lumen was <0.5 or if there was an arc of 
disease-free vessel wall, and concentric if the ratio was 
>0.5. If the original plaque morphology of the plaque 
was unclear, it was inferred from the proximal and dis- 
tal segments. 

COMPARISON OF ANGIOGRAPHY AND INTRAVASCULAR 
ULTRASOUND IMAGES: Coronary cineangiograms after 
PTCA were analyzed for presence of intraluminal hazi- 
ness and dissection membranes by a second observer un- 
aware of the results of the IU image analysis. The angi- 
ographic features were compared with the IU findings 
of plaque rupture and dissection. 

INTRAVASCULAR ULTRASOUND MEASUREMENTS: All 
quantitative measurements were obtained with a Kon- 
tron™ Cardio 200 semiautomatic computer system. The 
5 mm grid provided by software of the IU console was 
used for calibration. Measurements of minimal and 
maximal luminal diameters, and areas of the lumen, 
plaque and vessel were obtained by manually tracing 
the borders of the lumen, plaque and vessel. The thin 
sonolucent zone in the coronary artery wall that repre- 
sents the tunica media? was used as an outline of the 
vessel border. If a false lumen was present, its area was 
measured also. Minimal and maximal luminal diame- 
ters were not necessarily orthogonal to each other. Fig- 
ure 1 displays a schematic drawing of the measure- 
ments obtained. If <90° of the vessel wall was obscured 
by distal shadowing in the presence of calcium, the 
course of the wall was estimated. If >90° of the vessel 
circumference was obscured, the adjacent structure (lu- 
men or plaque) was not considered for area analysis, 
and the vessel area was not measured for that segment. 
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FIGURE 2. Subtypes of intravascular ultrasound morphology after percutanous transluminal coronary angioplasty in intravascu- _ 
lar ultrasound images and schematic drawings. Catheter artifact has been omitted on drawings. A, type 1 lesion with minimal 
intimal cracks in proximal left anterior descending artery. Underlying mechanism is thought to be mainly plaque compression. B, 
type 2 lesion with multiple superficial tears within plaque in proximal right coronary artery. C, type 3 lesion with deep tearing of 
plaque into media without dissection in medial part of right coronary artery. D, calcified type 4 lesion in medial part of right cor- 
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CALCULATIONS: In addition to being measured direct- 
ly, vessel area was computed by summing up luminal, 
plaque and false luminal areas (if present). Measured 
and computed values of vessel area were compared, and 
all measurements were repeated if the difference was 
>0.1 mm?. The ratio of plaque area/vessel area was 
computed to assess the residual stenosis within the 
PTCA segment. A value of 0 would indicate absence of 
plaque and a value of 1, total vessel occlusion. As a 
measure of recoil, the ratio (maximal balloon size — 
minimal lumen diameter)/maximal balloon size was 
computed for the PTCA segment. A value of 0 would 
indicate full distension of the stenosis by the fully inflat- 



















submedial 
detachment 


ed balloon without recoil. A value of 1 would indicate 
vessel occlusion. 

Statistics: Angiography and IU findings were com- 
pared by chi-square analysis. The results of the mea- 
surements of minimal and maximal luminal diameters 
and the areas of the lumen, plaque and vessel from IU 
images are expressed as mean + SD for the PTCA seg- 
ments and proximal and distal sites. For the PTCA seg- 
ments, the mean + SD of these measurements are pre- 
sented for each morphologic subtype separately. For the 
calculations indicating residual stenosis and recoil, the 
mean + SD are presented as an overall mean and for 
each subtype separately. Correlation and SEE were 
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onary artery. Multiple tears within plaque have led to dissection that is presumed to be submedial, because 3-layer appearance 
of vessel wall is adherent to base of flap. E, type 5 lesion in proximal right coronary artery where circular dissection divides inti- 
mal structures from media and thus is considered subintimal. F, type 6 lesion without visible alterations of vessel wall or plaque 
in proximal left anterior descending artery. In this type, underlying mechanism of lumen enlargement is thought to be plaque 
compression or, more likely, stretching of opposite wall. G, type 7 lesion in proximal right coronary artery showing plaque rup- 
ture with submedial dissection; 3-layer appearance attached to base of flap. 
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computed for minimal luminal diameter versus maxi- 
mal balloon size. 


RESULTS 

Patient profile: Fifty-eight patients were enrolled in 
the study. IU imaging after PTCA was not possible in 4 
patients (7%), because the imaging catheter could not 
be advanced into the PTCA segment (n = 2) or because 
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FIGURE 3. Schematic overview of intravascular ultr 


morphology subtypes after percutaneous transluminal coro- 
nary angioplasty of concentric (A and B) and eccentric (B) ste- 
noses and presumed mechanisms. 
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the catheter positioned in the coronary artery would not 
rotate (n = 2). A reliable interpretation of the IU image 
in the PTCA segment could not be made in 6 patients 
(10%), because of poor image quality. 

Of the 48 patients included for analysis of the IU 
images, 40 (83%) were men and 8 (17%) were women 
(mean age 55 + 9 years, range 35 to 70). The left ante- 
rior descending artery was treated in 30 patients (63%), 
and the right coronary artery in 17 (35%). One patient 
(2%) underwent aortocoronary bypass surgery before 
left main coronary artery PTCA. PTCA was performed 
alone in 37 patients (77%), before stent implantation in 
8 (17%) and after high-frequency rotation angioplasty 
in 3 (6%). 

In 7 of 48 patients (15%), the IU catheter could not 
be passed beyond the PTCA segment; therefore, 41 dis- 
tal segments were included for analysis. In 4 patients, 
adverse reactions during pullback through the area of 
dilatation necessitated quick withdrawal of the IU cath- 
eter, yielding 44 proximal segments for analysis. 

Adverse reactions occurred in 5 of 58 patients (9%). 
These reactions were ST-segment alterations that were 
accompanied by angina pectoris in 2 patients (3%) and 
by a short, self-limited run of ventricular tachycardia in 
1 (2%). 

Average duration of IU examination in 58 patients 
was 6.5 + 3.1 minutes (range 0.5 to 14.6). 

Qualitative results: In 32 of 48 PTCA segments 
studied (67%), calcium was present. The original plaque 
morphology was concentric in 18 segments (38%) and 
eccentric in 30 (62%). 

Seven distinct patterns could be identified. If the un- 
derlying plaque had been concentric in shape, type 1 
(Figure 2A) showed minimal residual plaque with dis- 
crete intimal fissures. This type of lesion was found in 2 
of 48 patients (4%), none of whom had signs of calcium. 
Type 2 (Figure 2B) showed superficial tears in the 
plaque. This pattern was observed with signs of calcium 
in 1 patient (2%). In type 3 (Figure 2C), a deep tear in 
the plaque extended down into the media. This was 
found in 8 patients (17%), 5 of whom had signs of calci- 
um. Type 4 (Figure 2D) comprised a deep tear and sub- 
intimal or submedial dissection. It was observed with 
signs of calcium in 2 patients (4%). Type 5 (Figure 2E), 
designated “circular dissection,” demonstrated dissec- 
tion with a false lumen without visualization of an inti- 
mal tear by IU. This was the most common pattern. It 
was observed in 15 patients (31%), 12 of whom had 
calcium present. Type 5 lesions occurred with concen- 
tric (n = 5; 33%) and eccentric (n = 10; 67%) plaques. 
This type of dissection was not necessarily circumferen- 
tial; in 7 (47%) of these 15 lesions, the arc of dissection 
was <180°. If the underlying plaque had been eccen- 
tric, type 6 (Figure 2F) showed neither significant 
plaque tearing nor vessel wall alterations. Type 6 lesions 
were observed in 6 patients (13%), 3 of whom had calci- 
um present. Type 7 (Figure 2G) demonstrated tearing 
of the plaque close to its base with resulting subintimal ` 
or submedial dissection. Fourteen patients (29%) had 
this type of lesion, 9 with signs of calcium. 

Figures 3A and B provide a schematic overview of 
the different morphologies observed. Figure 4 summa- 
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B, areas of lumen, plaque and vessel for each morphologic 
subtype. No error bars are provided for type 2 (1 measure- 
ment only). Asterisk in parentheses, mean false luminal area 
for all 48 percutaneous transluminal coronary angioplasty 
segments was 1.7 + 3.4 mm? (Table I), but mean value for 
type 5 lesion, where false lumina occurred exclusively, was 
5.4 + 4.2. 





TABLE I Comparison of Angiography and Intravascular 
Ultrasound Findings 


Intravascular Ultrasound 


Positive 


Dissection 
Positive 
Angiography Haziness 


rizes the incidence of each subtype and the presence of 
calcium. 

Comparison of intravascular ultrasound and angi- 
ography: IU showed dissection or plaque rupture in 14 
patients with normal angiography. Angiographically, 
intraluminal haziness or frank dissection was present in 
4 patients without IU evidence of plaque rupture or dis- 
section. IU and angiography findings are displayed 
comparatively in Table I. The agreement between IU 
and angiography did not achieve statistical significance. 

Quantitative results: Table II lists the results of di- 
ameter and area measurements in the PTCA segments 
and the proximal and distal sites. The mean and SD of 
these measurements in the PTCA segments are dis- 
played for each morphologic subtype seperately in Fig- 
ures 5A and B. Detailed results for the calculations of 
residual stenosis and recoil in the PTCA segments are 
listed in Table III. The correlation coefficient for mini- 
mal luminal diameter versus maximal balloon size was 
r = 0.18 (SEE 0.65). 


DISCUSSION 

This study of 58 patients showed that IU examina- 
tion and evaluation of coronary arteries immediately af- 
ter PTCA was feasible in 83%. The morphologic pat- 
terns observed fit a pathophysiologically oriented classi- 
fication developed in accordance with prior histologic 
studies.*-!? This classification takes into account initial 
plaque morphology and presence or absence of plaque 
rupture and dissection. In 40 of 48 patients (83%), 
plaque rupture or dissection appeared to be the mecha- 
nism of luminal enlargement. 

Histologically, the finding of minimal changes in 
plaque or vessel wall has been described in concentric! 
and eccentric!? plaques. Splitting or rupture of concen- 
tric atherosclerotic plaques occurs in the thinnest por- 
tion. Superficial cracks that extend circumferentially 
have been observed, as well as deep radial tears extend- 
ing into the media.>!© Deep tears may be associated 
with dissection.’ Tearing of eccentric plaque occurs near 
the base of the plaque and is associated with dissec- 
tion.!3 Plaque compression, stretching of the plaque-free 
wall segment, and plaque rupture with and without 
flaps or dissections have been proposed as mechanisms 
of lumen enlargement in PTCA on the basis of histolog- 
ic and angiographic findings.”!3 No obvious relation be- 
tween plaque composition and the occurrence of dissec- 
tion has been Found Ip 
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Proximal 
Segment 
(n = 44) 





Luminal diameters (mm) 


Minimal 4.5 + 0.8 (3.1-6.3) 





Maximal 5.0 + 0.8 (3.1-6.8) 
Areas (mm?) 

Lumen 17.7 + 5.9 (8—32) 

False lumen — 

Plaque 5.1 + 5.3 (0-22) 

Vessel 22.8 + 7.0 (12-39) 


TABLE ili Residual Stenosis and Recoil Assessed by 
Intravascular Ultrasound 


Residual 


Stenosis* Recoilt 


—0.08 + 0.28 
0.07 + 0.004 
—0.07 + 0.21 
0.01 + 0.39 
—0.12 + 0.28 
—0.31 + 0.31 
—0.13 + 0.16 
-0.13 + 0.24 


0.23 + 0.04 
0.79 + 0.004 
0.54+0.12 
0.49 + 0.03 
0.34 + 0.16 
0.44 + 0.06 
0.37 +0.13 
0.40 + 0.16 


*Residual stenosis = plaque area/vessel area. 
tRecoil = (maximal balloon size — minimal lumen diameter)/ maximal balloon size. 
tin type 2, only 1 measurement. 

Data are presented as mean + SD. 





Recently, a number of studies on IU findings and 
[U-based 3-dimensional reconstruction after balloon an- 
gioplasty were published.'*-2!,3°-34 There has been only 
1 study that proposed a classification of these findings 
in 66 lesions in 47 patients.2! The morphologies report- 
ed in that study are very similar to those observed in our 
investigation. Our results differ in that plaque compres- 
sion/vessel stretching (17 vs 38%) and superficial tear- 
ing (2 vs 11%) were seen less often. The results for deep 
tearing (17 vs 18%) and circular dissection (31 vs 33%) 
were almost the same in the 2 studies. Equivalents to 
types 4 and 7 were not reported in the aforementioned 
study. 

Honye et al?! further reported significant agreement 
between angiography and IU in detecting presence or 
absence of coronary dissection. In our study, however, 
there was only low agreement between IU and angio- 
graphic findings. The IU catheter may attach angio- 
graphically visible flaps or dissection membranes to the 
vessel wall, thereby preventing their detection by IU. 
Noncommunicating dissections and small flaps may ac- 
count for positive [U findings in the presence of nega- 
tive angiography. 

In this series, there was a relatively large minimal 
luminal diameter in the PTCA segment (3.5 + 0.7 
mm). The mean of the ratio (maximal balloon size — 
minimal lumen diameter)/maximal balloon size was 


TABLE H Vessel Dimensions Measured by Intravascular Ultrasound 









Data are presented as mean + SD and range (in parentheses). 





PTCA Distal 
Segment Segment 
(n = 48) (n = 41) 












3.5 + 0.7 (2.3—5,1) 
4.3 + 0.8 (2.4-6.4) 


4.1 + 0.7 (2.8-6.2) 
4.6 + 0.8 (3.2—6.6) 













11.8 + 4.1 (4-21) 15.6 + 4.7 (8-32) 
1.7 + 4.3 (0-16) me 
9.6 + 5.5 (3-26) 4.1 + 6.4 (0-25) 
23.1 + 6.9 (13-39) 19.7 + 6.7 (10-43) 


















<0, indicating a negative recoil. Of 48 patients, 31 
(65%) had negative recoil and 17 (35%) had no or posi- 
tive recoil. Negative recoil was described previously in a 
study using IU examination before, during and after an- 
gioplasty in peripheral arteries.** In that series, 5 of 10 
patients (50%) had negative recoil of 4 to 22% when 
determined as a function of balloon area. The finding of 
negative recoil may be due to disproportionate tearing 
of plaque with consecutive release of the vessel from 
sclerotic constraints, but also to overestimation of vessel 
dimensions in vivo by IU. 

The vessel area in the PTCA segment (23.1 + 6.9 
mm?) was slightly larger than in the proximal one (22.8 
+ 7.0). This may be explained simply by mechanical 
dilation during PTCA, but may also support Glagov 
and associates? hypothesis of compensatory vessel en- 
largement during the course of coronary artery disease. 
The mean value of 0.4 of the ratio of plaque/vessel area 
in the PTCA segment indicates a satisfying overall 
PTCA result, leaving a residual stenosis of approxi- 
mately 40%. 

Study limitations: Currently, IU imaging of signifi- 
cant coronary stenoses before PTCA is not possible, be- 
cause of the large diameter of the imaging catheters 
(4.8Fr). Therefore, only assumptions can be made re- 
garding the initial plaque morphology before PTCA 
and the mechanism of lumen enlargement during the 


course of PTCA. When using the manufacturer’s pub- 


lished diameter of the inflated angioplasty balloon as a 
reference measure, recoil can be calculated only by as- 
suming that the balloon expands completely, and this 
may not always be the case. Imaging before and even 
during PTCA is desirable for a comprehensive under- 
standing of the changes occurring to plaque and vessel 
wall. The first study using a combined balloon/IU im- 
aging catheter in peripheral vessels was published by 
Isner et al 27 They observed plaque fracture in 6 of 10 
patients (60%), with initiation of the fracture occurring 
at inflation pressures <2 atm. Smaller IU catheters 
(<3.5Fr) and more combined balloon/IU catheters will 
be available in the near future. 

The finding of dissection without a noticeable inti- 
mal tear (type 5) may be explained as a noncommuni- 
cating dissection similar to an intramural hematoma>® 
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in the presence of weak movement of the dissection 
membrane. Strong movement of the membrane would 
suggest communication between the true and false lu- 
men by an intimal tear difficult to detect with cross- 
sectional imaging. However, intracoronary contrast in- 
jection to prove communication was not performed in 
this study. 

Distal shadowing in the presence of calcium may ob- 
scure anatomic details of plaque and vessel wall, render- 
ing quantitative analyses difficult. In cases where the 
sonolucent zone within the coronary artery wall is not 
properly imaged, it may be impossible to differentiate 
plaque from vessel wall. In this study, IU imaging of 
coronary arteries after PTCA did not provide pictures 
that enabled reliable evaluation in 17% of patients. Fur- 
thermore, at present, the resolution of IU pictures is not 
sufficiently high to always enable clear distinction be- 
tween subintimal and submedial dissection. In cases of 
mediocre image quality, assignment to morphologic 
classes may be difficult. 

The IU imaging systems that are currently available 
use several different techniques for directing the ultra- 
sound beam toward the vessel wall and for signal pro- 
cessing, yielding a variety of image qualities and rep- 
resentations. This may make comparisons between IU 
studies using different imaging systems difficult and 
may in part explain the discrepancies between the data 
presented here and in the aforementioned study.*! 

Clinical applications: The factors that predispose a 
patient to the development of complications and reste- 
nosis after PTCA remain uncertain. There is approxi- 
mately a 25 to 35% rate of restenosis within 5 vearg 7778 
In pathologic studies, successful PTCA has been shown 
to be associated with deep tearing of the plaque.!6 At- 
tempts to assess the risk of restenosis by angiographic 
features have shown a significantly increased risk for 
certain subtypes. However, the morphologic correlates 
are not certain, and it may be difficult to distinguish 
between dissection and thrombus.*? In contrast to the 
silhouette images obtained by angiography, the cross- 
sectional images obtained by IU enable detailed visual- 
ization of residual plaque and dissection, making IU a 
useful method to describe and classify morphologic 
characteristics of coronary arteries after PTCA. Some 
morphologic subtypes may be associated with more 
acute complications or a higher risk of restenosis than 
are others and may need additional methods of angio- 
plasty. Thus, IU may help substantially in assessing the 
result of initial PTCA. 
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Comparison of Painful and Painless Left 
Ventricular Dysfunction Recorded During 
Ambulatory Ventricular Function 
Monitoring in Angina Pectoris Secondary to 
Coronary Artery Disease 


Junichi Taki, MD, Tsunehiro Yasuda, MD, Scott D. Flamm, MD, Adolph Hutter, MD, 
Herman K. Gold, MD, Robert Leinbach, MD, and H. William Strauss, MD 


Left ventricular (LV) function and the electrocar- 
diogram of 55 patients with coronary artery dis- 
ease and angina were monitored for a mean of 3.2 
+ 1.9 hours with an ambulatory LV function moni- 
tor. During the monitoring interval, patients per- 
formed daily activities such as sitting, walking, 
climbing stairs, and eating. Sixty episodes of tran- 
sient reduction in ejection fraction of >5% lasting 
>60 seconds were observed in 24 patients; 13 
episodes were associated with typical angina, but 
47 were asymptomatic. Asymptomatic episodes 
had a shorter duration of ventricular dysfunction 
(116 + 49 vs 189 + 113 seconds; p <0.05), and 
smaller increases in relative end-diastolic and end- 
systolic volumes (end-diastolic 0.9 + 5.4% vs 4.6 
+ 4.9% [p <0.05], and end-systolic 21 + 11% vs 
35 + 20% [p <0.05]) than did symptomatic ones. 
When a subset of patients with both symptomatic 
and asymptomatic episodes were analyzed, similar 
results were observed: in asymptomatic episodes, 
duration was shorter (82 + 31 vs 200 + 110 sec- 
onds; p <0.005), ejection fraction decrease was 
smaller (—7.3 + 2.6% vs —11.0 + 4.7%; p <0.05), 
and end-systolic volume increase was smaller (23 
+ 12% vs 37 + 19%; p <0.05). The data suggest 
that asymptomatic transient LV dysfunction is 
less severe and of shorter duration in patients 
with angina pectoris. 

(Am J Cardiol 1992;70:1555-1558) 
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tant clinical manifestations of coronary artery 

disease (CAD).' It is well-known that patients 
with CAD have asymptomatic myocardial ischemia 
during electrocardiographic stress tests or ambulatory 
Holter monitoring. Recent studies suggest that 3 of 4 
episodes of ST-segment depression recorded during am- 
bulatory electrocardiographic monitoring are asympto- 
matic.2? The ischemia associated with these episodes 
must at times be severe, because >25% of myocardial 
infarction is asymptomatic.* The mechanism of chest 
pain during ischemia is poorly understood. Several ex- 
planations have been offered for silent myocardial ische- 
mia, including alterations in the central nervous system 
perception of pain,° different sensitivity to anginal stim- 
uli in each person,°’ and less extensive ischemia, or is- 
chemia of shorter duraton 28 To determine if there 
were differences in the degree or duration of left ven- 
tricular (LV) dysfunction between symptomatic and 
asymptomatic episodes, global LV function and electro- 
cardiography were monitored continuously using an 
ambulatory LV function monitor in a group of patients 
with CAD and history of angina pectoris. 


Ts severity of chest pain is one of the most impor- 


METHODS 

Patients: Fifty-five patients (49 men and 6 women, 
age range 41 to 72 years, mean 60) with CAD docu- 
mented by coronary angiography were studied with an 
ambulatory ventricular function monitor (Capintec Inc., 
Ramsey, New Jersey). All patients had angina pectoris. 
Eleven patients had 1-vessel, 11 had 2-vessel and 33 had 
3-vessel CAD. Thirty-nine patients had history of myo- 
cardial infarction, and 11 had had coronary artery by- 
pass graft surgery and recurrence of angina pectoris af- 
ter operation. All patients continued their usual medica- 
tion during the recording interval. All patients gave 
informed consent, as required by the hospital’s human 
studies committee. 

Procedure: The patient’s red blood cells were la- 
beled with 740 to 1,110 MBq of technetium-99m using 
a modified in vivo? or semi in vivo method 15 to 20 
minutes after intravenous injection of stannous pyro- 
phosphate. Immediately after completion of gated blood 
pool scintigraphy (performed as part of the evaluation 
of each patient), the ambulatory LV function monitor 
was positioned to cover the left ventricle as previously 
described.'° Briefly, the electrocardiographic electrodes 
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TABLE I Transient Reduction in Ejection Fraction Episodes 
During Ambulatory Left Ventricular Function Monitoring 


No. of Episodes 


Symptomatic Asymptomatic Total 


No. of Episodes 


Without 


CABG Total 


Symptomatic 
Asymptomatic 


p = not significant. 
CABG = coronary artery bypass grafting. 





were attached to record a modified V5 lead, and the 
firm plastic vest-like garment was positioned around the 
patient’s thorax to hold the detector. The detector was 
positioned to cover the LV blood pool and locked in its 
holder in the garment. The recorder was started, and 
electrocardiographic data and the count rate from the 
LV blood pool were continuously recorded. The patient 
was instructed in the use of the event marker. Specific 
activities were marked on the tape to correlate activities 
with their LV function responses and electrocardio- 
graphic changes. Events marked on the tape included 
the beginning and end of activities (e.g., walking, sit- 
ting, climbing stairs, using the telephone, and so forth), 
and the onset and end of chest pain. A log of the events 
was recorded to correlate specific events with the data. 

At the conclusion of recording, static images were 
recorded to confirm that the detector had not shifted 
during the interval of monitoring. The data of the tape 
were read into a minicomputer (PDP 11/73, Digital 
Equipment Corp.) for analysis. 

Data analysis: Data analysis consisted of evaluating 
the radionuclide data for technical adequacy as previ- 
ously described!” and plotting the various parameters 
(heart rate, ejection fraction, relative end-diastolic and 
end-systolic volumes, ST-segment analysis and event 
marks) versus time. A significant decrease in ejection 
fraction was defined as a decrease of >5 ejection frac- 
tion units lasting >1 minute. A horizontal or downslop- 
ing ST-segment depression of >0.1 mV lasting >30 sec- 
onds on electrocardiography was considered significant. 
Relative end-diastolic and end-systolic volume change 
were determined at the time of maximal decrease in 
ejection fraction. 

The data were described as mean value + 1 SD. 
Statistical analyses were performed with the Student’s ¢ 
test and chi-square analysis. A p value <0.05 was con- 
sidered statistically significant. 





TABLE IW Prevalence of Transient Asymptomatic Ventricular 
Dysfunction in Patients with One-, Two- and Three-Vessel 
Disease 


No. of Episodes 


2 VD 3 VD 


Symptomatic P d A. zg 
Asymptomatic 


p = not significant. 
VD = vessel disease. 


RESULTS 

The average recording time was 3.2 + 1.9 hours 
(range 0.3 to 12). Twenty-four of 55 patients had 21 
episode (n = 60) of a transient reduction in LV ejection 
fraction. One patient had only 1 symptomatic episode. 
Sixteen patients had only asymptomatic episodes (n = 
36). Seven patients had both symptomatic (n = 12) and 
asymptomatic (n = 11) episodes (Table I). Of 13 symp- 
tomatic episodes of transient reductions in LV ejection 
fraction, 5 were accompanied by ST-segment depres- 
sion. Of 47 asymptomatic episodes of transient reduc- 
tions in LV ejection fraction, 6 were associated with ST- 
segment changes. In 3 symptomatic episodes in 1 pa- 
tient and in 2 asymptomatic episodes in 2 patients, ST 
changes could not be evaluated because of left bundle 
branch block. 

Eleven of 13 symptomatic episodes occurred during 
daily physical activities, whereas the remaining episodes 
occurred at rest. Thirteen of 47 asymptomatic episodes 
occurred during daily physical activities, 2 during din- 
ner, 1 while smoking and 31 at rest. 

In the prevalence of silent LV dysfunction, there was 
no difference between patients with and without previ- 
ous bypass surgery, and between those with 1-, 2- and 
3-vessel disease (Tables II and III). When LV dysfunc- 
tion in patients with 1- or 2-vessel disease and in those 
with 3-vessel disease was compared, there was no differ- 
ence between the 2 groups with respect to reduction in 
ejection fraction, and increase in end-systolic volume or 
duration of episodes (Table IV). 

For the entire group of patients (Table V), the dura- 
tion of 13 symptomatic episodes was longer than that of 
47 asymptomatic ones (189 + 113 vs 116 + 49 seconds; 
p <0.05). Heart rate during episodes was higher in the 
symptomatic group, but there was no difference be- 
tween the 2 groups with respect to baseline heart rate 
and heart rate change from baseline to episodes. There 
was no difference between the 2 groups with respect to 
ejection fraction at baseline and during episodes. The 
ejection fraction reduction in symptomatic episodes was 
larger (—10.6 + 4.7% vs —8.2 + 2.6%), but not signifi- 
cant. The end-diastolic and end-systolic volume changes 
in asymptomatic episodes were smaller than in sympto- 
matic ones (0.9 + 5.4% vs 4.6 + 4.9% [p <0.05], and 
21 + 11% vs 35 + 20% [p <0.05], respectively). ` 

When we compared the symptomatic (n = 12) and 
asymptomatic (n= 11) episodes in patients who had 
both episodes during monitoring, similar results were 
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TABLE IV Cardiac Response During Left Ventricular 
Dysfunction in One- or Two-Vessel Disease and in Three-Vessel 
Disease 


p 


l or 2 VD 3 VD Value 

Duration (sec) 128 + 88 133 + 66 NS 
Heart rate 

Baseline 73+9 67 +9 NS 

Episode TLT EEI 74+12 NS 

A heart rate 4+6 7x9 NS 
Ejection fraction 

Baseline 51+14 55+ 16 NS 

Episode 42+12 46 + 16 NS 

A ejection fraction —8.8 + 3.6 -8.7 + 3.1 NS 
% change of EDV 3.5 +5:0 0.9 + 5.6 NS 
% change of ESV 25 +17 24+14 NS 
% change of CO -9.5 + 9.2 -7.3 + 15.4 NS 


CO = cardiac output; EDV = end-diastolic volume; ESV = end-systolic volume; 


NS = not significant; VD = vessel disease. 





observed (Table VI). In asymptomatic episodes, the du- 
ration of episodes was shorter (82 + 31 vs 200 + 110 
seconds), ejection fraction decrease was smaller (—7.3 
+ 2.6% vs —11.0 + 4.7%; p <0.05), and end-systolic 
increase was smaller (23 + 12% vs 37 + 19%; p <0.05). 


DISCUSSION 

In the management of patients with CAD, chest 
pain is used as a guide to disease activity, although am- 
bulatory electrocardiographic studies show that most 
ischemic episodes are asymptomatic.**'! From the 
viewpoint of treatment, the importance of silent ische- 
mia is controversial. Usually, therapy of ischemic heart 
disease is directed toward the elimination of angina, 
suggesting that silent ischemia is less important. How- 
ever, ischemia is usually associated with deterioration of 
LV function and with myocyte damage regardless of 
associated pain. Persistent silent ischemia was an indi- 
cator of poor prognosis!? in patients with unstable angi- 
na after elimination of chest pain. The aim of this study 
was to determine the severity of LV dysfunction during 
symptomatic and asymptomatic episodes of transient 
LV dysfunction using an ambulatory LV function moni- 
tor in patients with documented CAD. 

The pathophysiologic mechanism for angina pectoris 
in ischemic heart disease is unclear. The mechanism of 
angina pectoris may proceed through the following se- 
quence!?:; (1) presence of adequate stimuli by stretching 
of the LV wall, or local release of chemical substances 
due to acute ischemia, or both; (2) conduction of pain- 
ful stimuli along the sympathetic nerves; (3) central 
transmission of painful stimuli, which must be affected 
by other afferent stimuli, as described by the gate con- 
trol theory of pain". and (4) perception of pain by the 
patient. This study suggests that the severity of the first 
step of this proposed mechanism may have a role in the 
development of cardiac pain. If ischemia is less severe, 
the production of ischemic stimuli may be decreased, 
and thus the stimuli may not cause cardiac pain. During 
ambulatory electrocardiographic monitoring, the dura- 
tion of symptomatic ischemia was longer and the maxi- 
mal depression of the ST segment was greater than that 


TABLE V Cardiac Response During Transient Left Ventricular 
Dysfunction in All Patients 


Asymptomatic p 
LV Dysfunction Value 


Symptomatic 
LV Dysfunction 


Duration (sec) 189 + 113 116 + 49 <0.05 
Heart rate 

Baseline W227 

Episode 81+9 

A heart rate Hei 
Ejection fraction 

Baseline 

Episode 

A ejection fraction 
% change of EDV 
% change of ESV 35 + 20 


% change of CO —4.7 + 13.7 -8.9 + 13.7 


LV = left ventricular; other abbreviations as in Table IV. 


57+17 
46 + 16 
—10.6 + 4.7 
4.6 + 4.9 


TABLE VI Cardiac Response During Transient Left Ventricular 
Dysfunction in Patients with Both Symptomatic and 
Asymptomatic Episodes 


Asymptomatic p 
LV Dysfunction Value 


Symptomatic 
LV Dysfunction 


Duration (sec) 200 + 110 82 + 31 <0.005 
Heart rate 

Baseline 

Episode 

A heart rate 
Ejection fraction 

Baseline 

Episode 

A ejection fraction 
% change of EDV 
% change of ESV 37 +19 


% change of CO —3.4 + 13.6 


Abbreviations as in Tables IV and V. 


47+14 
—7.3 + 2.6 

Aas e, 

23 t12 
-4.0+9.4 NS 


-11.0 + 4.7 
5.2 + 4.7 





of silent ischemia.?!! During continuous hemodynamic 
monitoring of patients with unstable angina, Chierchia 
et al!4 observed that asymptomatic episodes were gener- 
ally shorter and produced less impairment of LV func- 
tion, where smaller increases in LV end-diastolic or pul- 
monary artery diastolic pressure and smaller reductions 
in peak LV contraction and relaxation peak first deriva- 
tive of pressure were Present! Animal experiments 
with acute ischemia showed regional wall motion abnor- 
malities and increased end-diastolic length of the isch- 
emic segment,!> and an increase in the short-axis diam- 
eter during the end-systolic phase.’ In studies with 
exercise thallium-201 myocardial scintigraphy, despite 
the reduced incidence of positive electrocardiographic 
change in silent ischemia compared within painful is- 
chemia, the extent of exercise-induced ischemia was 
comparable in silent and painful ischemia.'’!? How- 
ever, taking into account the magnitude of the decrease 
in thallium-201 uptake during ischemia, silent ischemia 
was less severe than was painful ischemia.”° In our pa- 
tients, symptomatic episodes of transient reduction in 
ejection fraction lasted longer and were associated with 
a greater increase in LV volume than were episodes 
without pain. These findings suggest that symptomatic 
episodes had more severe ischemia. The overlap be- 
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tween the groups was considerable. Therefore, addition- 
al factors must be involved in the development of angi- 
nal pain, such as differences in perception of pain or in 
duration. We observed that asymptomatic episodes were 
generally shorter than were symptomatic ones, and this 
can be explained by the fact that the pain usually occurs 
late after the onset of myocardial ischemia induced by 
balloon inflation during transluminal coronary angio- 
plasty and spontaneous ischemia.*!~2’ 

It is possible that some changes in ejection fraction 
without angina and ST depression (only 1 lead was 
monitored) are not related to ischemia, but rather to 
alterations in preload and afterload. However, this pos- 
sibility may be low because in previous trials of normal 
subjects, a >5% decrease in ejection fraction was not 
observed during the same activities performed by pa- 
tients in this study,'° and the low incidence of ST de- 
pression in silent ischemia was observed on exercise 
thallium-201 scintigraphy.'’-2° One should be cautious 
in applying our findings to women, because of the limit- 
ed number of women studied. 

In clinical practice, this ambulatory function moni- 
tor should be useful in the evaluation of cardiac func- 
tion during exercise, pharmacologic intervention, mental 
stress and daily living, and in prognostic evaluation for 
future CAD events 28 

This study suggests that in patients with angina pec- 
toris, the severity of ischemia may be a factor in deter- 
mining the presence or absence of anginal pain during 
ischemia. 
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\RRHYTHMIAS AND CONDUCTION DISTURBANCES 


Variable Location of Accessory Pathways 
Associated with the Permanent Form of 
Junctional Reciprocating Tachycardia and 
Confirmation with Radiofrequency Ablation 


Baruch S. Ticho, MD, PhD, J. Philip Saul, MD, J. Edward Hulse, MD, Wang De, MD, 
Janice Lulu, RN, and Edward P. Walsh, MD 


Permanent junctional reciprocating tachycardia 
'PJRT) occurs primarily in young patients and 
causes nearly incessant tachycardia that is fre- 
quently refractory to pharmacologic treatment. 
Previous nonpharmacologic therapy has included 
surgical or direct-current catheter ablation of ei- 
ther the His bundle or the accessory pathway. The 
accessory pathway in PJRT has been described as 
having retrograde and anterograde decremental 
conduction properties, and is typically identified in 
the posteroseptal location. This report describes 
radiofrequency catheter ablation of accessory 
pathways in 8 patients with PJRT. All ablations 
were successful and without adverse effects. Ac- 
cessory pathway potentials were detected just be- 
fore atrial activation in 6 of 8 patients. A new 
finding was that 5 of the 8 pathway locations, as 
identified by the site of successful ablation, were 
not in the typical posteroseptal region. In 1 patient 
it was located in the right posteroseptal region, 2 
were in the right atrial freewall, 1 was in the right 
anterior septum and 1 was in the left posterior re- 
gion just outside of the septal region. In conclu- 
sion, radiofrequency catheter ablation can be a 
highly effective and safe method for treatment of 
young patients with PJRT. Because the accessory 
pathways can be located outside of the postero- 
septal region, careful mapping of both the right 
and left atrioventricular groove may be necessary 
for successful ablation. 

(Am J Cardiol 1992;70:1559-1564) 
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(PJRT) was first described by Coumel et al’ and 

is usually defined by both clinical and electro- 
physiologic criteria. The tachycardia occurs predomi- 
nantly in infants and children, is nearly incessant, and 
can have widely varying rates.* The surface electrocar- 
diogram during tachycardia typically shows a retro- 
grade P wave and an RP interval that is longer than the 
PR interval.23 During sinus rhythm the surface electro- 
cardiogram is normal. Previous reports suggested that 
PJRT was an atypical form of atrioventricular (AV; 
node reentry,’ leading to the misnomer PJRT; however, 
recent electrophysiologic,> surgical, ablation!® 17 and 
anatomic? reports have confirmed the presence of a 
posteroseptal accessory pathway in patients with PJRT. 
Because PJRT is frequently resistant to pharmacolog- 
ic therapy, nonpharmacologic approaches to treatment 
have included dual-chamber AV pacing,”° surgical? or 
direct-current transcatheter ablation of the AV node or 
His bundle®’ and direct-current catheter ablation of the 
accessory pathway just outside the mouth of the coro- 
nary sinus.!°!4 Recently, transcatheter radiofrequency 
current has been used for ablation of accessory path- 
ways,!>-!921 including successful treatment of patients 
with PJRT.!5!619 One unique feature of radiofrequency 
catheter ablation is that successful ablation is both ther- 
apeutic and diagnostic in confirming the precise ana- 
tomic location of an accessory pathway. This report de- 
scribes the clinical, electrophysiologic and anatomic 
findings in 8 young patients with the clinical features of 
PJRT who were successfully treated with radiofrequen- 
cy ablation. Accessory pathway locations in 5 patients 
were not in the “usual” posteroseptal location near the 
orifice of the coronary sinus, a finding not discussed in 
prior reports. 


P ermanent junctional reciprocating tachycardia 


METHODS 

Characteristics of patients: The study included 2 
male and 6 female subjects aged between 0.7 and 19.5 
years (mean + SD 8.2 + 7) who had tachycardia that 
was refractory to pharmacologic therapy (Table I). 
Each patient initially presented with tachycardia. The 
age at presentation ranged from birth to 9.5 years. One 
half of the patients were younger than 6 months at pre- 
sentation, and 1 patient was detected prenatally. Un- 
treated, the patients were in tachycardia between 50 
and 95% of the time based on Holter monitoring. 
Tachycardia had been present for a mean of 4.3 + 3.9 
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TABLE I Clinical Features of Patients with Permanent Junctional Reciprocating Tachycardia 


Age 
(year) 


Weignt 
Med. 


Duration of 
PJRT (year) 


A = amiodarone; D = digoxin; F = flecainide; | = propranolol; Max. = maximal; Med. = medication; P = procainamide; 
PJRT = permanent junctional reciprocating tachycardia; Q = quinidine; RP = RP interval; V = verapamil. 


TABLE II Radiofrequency Ablation Results in Patients with Permanent Junctional 


Reciprocating Tachycardia 


VA 
Min. 


Location (ms) 


Right lateral 

MOCS 

Right paraseptal 
Left posterior 

Left posterior 

Right anteroseptal 
Right posterolateral 
MOCS 

MOCS 


Potential 


Time 
to 
Term 
(sec) 


AP No. 


Approach Appl. 


SVC-RV 
IVC-MOCS 
IVC-RA 
Transeptal-LA 
Transeptal-LA 
SVC-RA 
SVC-RA 
SVC-MOCS 
IVC-MOCS 


*Patient without permanent junctional reciprocating tachycardia. 

AP = accessory pathway; Approach = catheter approach for successful ablation; IVC = inferior vena cava; LA = left 
atrium; MOCS = mouth of coronary sinus; No. Appl. = number of applications of radiowaves until successful ablation; RA = 
right atrium; RV = right ventricle; SVC = superior vena cava; VA Min. = ventriculoatrial minimum interval. 


years before ablation. Between 1 and 5 drugs (mean 
3.5) had been administered to patients in order to con- 
trol the tachycardia (Table I). No patient had underly- 
ing structural heart disease. Three patients had de- 
pressed left ventricular function, as determined by echo- 
cardiography, with shortening fractions of 26 to 28% 
before the ablation procedure. Five patients had under- 
gone intracardiac electrophysiologic studies before the 
attempted radiofrequency ablation. 

Catheter ablation technique: The patients were con- 
sidered candidates for radiofrequency ablation based on 
(1) unsuccessful pharmacologic therapy, (2) undesir- 
able side effects of therapy, (3) noncompliance with 
therapy, or (4) development of compromised cardiac 
function. The ablation procedures were performed be- 
tween October 1990 and December 1991. Informed 
consent was obtained under a protocol approved by the 
human investigations committee at Children’s Hospital 
(approval date January 5, 1990). All antiarrhythmic 
medications were discontinued for 5 half-lives before 
the procedure. The catheterization procedure included a 
standard electrophysiologic evaluation with 3 to 5 cath- 
eters.22 Mapping and radiofrequency ablation were per- 
formed using a deflectable tipped catheter with a 4 mm 
tip according to previously described techniques in our 
laboratory and elsewhere. !>-!®2!,23 Orthodromic recipro- 
cating tachycardia was confirmed as the mechanism of 
tachycardia by demonstrating a change in atrial activa- 
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tion time when a premature ventricular stimulus was 
delivered during tachycardia at a time when the His 
bundle was refractory. The accessory pathway was lo- 
cated by (1) identification of an accessory pathway po- 
tential; or (2) mapping of the shortest ventriculoatrial 
time in tachycardia, or both. The area around the 
mouth of the coronary sinus was the initial area of focus 
for localization of the accessory pathways. Ablation was 
considered successful if tachycardia was terminated, the 
accessory pathway potential disappeared, and tachy- 
cardia was not reinduced by programmed stimulation 
(both with and without isoproterenol infusion). 

Follow-up studies: Surface electrocardiograms were 
monitored in all patients for the first 24 hours after ab- 
lation. All patients also had a subsequent 12-lead elec- 
trocardiogram and ambulatory Holter monitor within 1 
month after the procedure. Three patients underwent 
esophageal electrophysiologic testing within 10 days af- 
ter ablation. All patients were followed on a routine out- 
patient basis for the presence of tachycardia. 


RESULTS 

Ablation: The 8 patients had 11 procedures per- 
formed. One patient (no. 5) was found to have 2 acces- 
sory pathways; 1 concealed pathway with slow retro- 
grade conduction associated with PJRT, and another 
concealed pathway that conducted rapidly and caused 
typical orthodromic reciprocating tachycardia, but only 
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with an isoproterenol infusion. The PJRT pathway was 
only transiently eliminated at the first session, but was 
ablated permanently at a subsequent procedure. Two 
other patients (nos. 1 and 4) had recurrence of tachy- 
cardia shortly after the initial ablation attempt and re- 
quired a second session for successful ablation. The pro- 
cedures required a mean of 5 radiofrequency applica- 
tions (range 1 to 21) at an applied power output of 20 
W delivered into an impedance of 100 to 186 ohms. The 
total time of the procedure was 1 to 6 hours. The mean 
time to termination of tachycardia during ablation was 
2 seconds (range 0.5 to 3.5, median 2.3) (Table II). A 
typical recording before and during ablation is shown in 
Figure 1. Examples of signals that appeared to repre- 
sent accessory pathway potentials are shown in Figure 
2. Tracings 1 to 6 and 8 were recorded from the atrial 
side, number 7 was recorded from the right ventricle. 
Pathway locations: The locations of the tip of the 
ablation catheters for successful interruption of the 
PJRT accessory pathways are diagrammed in Figure 3. 
Representative fluoroscopic views of these positions are 
shown in Figure 4. Signals that probably correspond to 
accessory pathway potentials were recorded from the 
ablation electrode in 6 of 8 patients (Table II, Figure 
2). In 3 patients the pathway was located in the ostium 
of the coronary sinus, while in 1 patient it was located in 
the right posteroseptal region, just outside of the ostium 
of the coronary sinus. The remaining 4 pathways were 
located outside of the posteroseptal area: 2 were in the 
right atrial freewall, 1 was in the right anterior septum 


FIGURE 1. Electrophysio- 
logic 
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and 1 was in the left posterior region. The catheter ap- 
proaches for ablation of these pathways are listed in Ta- 
ble II and shown in Figure 4. 

Complications: The procedures were well tolerated 
by all patients. No patient experienced damage to the 
normal AV conduction system. 

Follow-up: No patients have required antiarrhyth- 
mic medications, and none has had recurrence of tachy- 
cardia, after their final successful ablation during a 
mean follow-up time of 10 months (range 3 to 17). Car- 
diac function, as measured by shortening fraction on 
echocardiography, returned to normal in all patients 
who had depressed function before ablation. 


DISCUSSION 

This report describes successful radiofrequency cath- 
eter ablation of 9 electrophysiologically confirmed ac- 
cessory pathways in 8 pediatric patients with PJRT af- 
ter unsuccessful pharmacologic therapy. In addition, the 
data strongly suggest that the locations of the slowly 
conducting retrograde accessory pathways responsible 
for PJRT are not necessarily posteroseptal and may oc- | 
cur anywhere along the tricuspid valve annulus, and at 
least in 1 instance on the posterior mitral annulus. 

A small number of cases of radiofrequency ablation 
of PJRT have been described previously.!5161? How- 
ever, successful elimination of this chronic arrhythmia 
using catheter delivery of radiofrequency energy in a 
young population, including an 8-month-old child, has 
not been the unique focus of these previous reports. 
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This technique avoids the known consequences of both 
chronic drug therapy and left ventricular dysfunction 
due to the arrhythmia,***> without the potential acute 
complications of surgery or direct-current catheter abla- 
tion. 









(arrow). Strips 7 and 8 do not show such a potential. All re- 
cordings were obtained from the ablation catheter just before, 
and at the location of, successful ablation. After ablation the 
accessory pathway potential was not present and the ventricu- 
lar signal did not change. Electrogram 7 was recorded with a 
catheter on the ventricular side of the tricuspid valve. Strip 
numbering does not correspond to patient numbering in Ta- 
bles I and Il. A = atrial activation potential; V = ventricular ac- 


tivation potential. 


CY Be FIGURE 4. Representative of catheter-electrode 
ee positions 


for accessory pathway ablation. Panel A shows ab- 
lation catheter tip (large-tipped catheter approaching from the 
inferior vena cava) in the mouth of the coronary sinus, near 
the ostium of the middle coronary vein (postseptal pathway). 
FIGURE 3. Schematic diagram of accessory pathway loca- Panel B shows the ablation catheter that approaches through 
tions of patients with permanent junctional reciprocating the superior vena cava and loops upon itself in the right ante- 
tachycardia as identified by radiofrequency ablation. Circles rior oblique (RAO) view; together with the left anterior oblique 
represent accessory pathways causing permanent junctional (LAO) view this demonstrates a right lateral position. Panel C 
deefe ot erg The square represents a concealed shows the ablation tip positioned via the superior vena cava 
ee ee ee and overlying the distal His electrode, which is positioned via 
mic reciprocating tachycardia in 1 patient. Three pathways the inferior vena cava (right anterior pathway). In panel D the 
are in the typical location within the mouth of the coronary si- large-tipped catheter, positioned in the coronary sinus, was 
nus, 5 are located outside the coronary sinus, 4 along the tri- used for mapping only. A deflectable catheter tipped with a 
cuspid annulus, and 1 along the mitral annulus. Ao = aorta; “‘dumb-bell”’ shaped electrode was used for ablation and was 
MV = mitral valve; PA = pulmonary artery; TV = tricuspid positioned transseptally from the inferior vena cava to the 
valve. posterior mitral annulus (left posterior pathway). 
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Several unusual locations of the accessory pathways 
‘esponsible for the arrhythmias were found in these pa- 
ients. The posterior septal location of the accessory 
yathway in PJRT, typically just within the ostium of 
he coronary sinus, has been well described in published 
‘eports.23 Recent reports have confirmed these find- 
ngs using surgical dissection and transcatheter abla- 
‘ion.!9!1,16 This study demonstrates that the pathways 
zan be present outside of the mouth of the coronary 
sinus, including locations in areas along the tricuspid 
annulus and the posterior mitral groove. Previous re- 
ports mention 1 accessory pathway in a patient with 
PJRT with a left posteroseptal location'? and 1 with a 
right intermediate septal location.'® 

One theory for the decremental properties and long 
conduction times of the PJRT pathway is that the fibers 
may have a tortuous, “serpentine” course as they cross 
the AV sulcus.®”6 Accessory pathway potentials that oc- 
cur just before the atrial activation potential appeared 
to be present in all but 1 of the pathways ablated from 
the atrial side. This finding suggests the possibility that 
the pathways described here represent the atrial inser- 
tions of fibers that could have a ventricular origin near 
the ostium of the coronary sinus; however, the success- 
ful ablation of 1 right lateral accessory pathway (pa- 
tient 1) using a ventricular approach suggests strongly 
that the paths of these decrementally conducting fibers 
are not limited to the posterior septum. Thus, ablation 
procedures for PJRT must involve careful mapping of 
both AV grooves, looking for the point of earliest atrial 
activation and, if possible, an accessory pathway poten- 
tial contiguous with the atrial electrogram. 

The data from this report, combined with those from 
previous reports on PJRT that describe anterograde 
conduction along the accessory pathway, and recent de- 
scriptions of slowly conducting anterograde pathways 
that occur in a variety of locations around the right AV 
groove (so-called “Mahaim” fibers?’*) suggests that 
the wide variety of pathway locations and functions 
defy the current nomenclature for clinical description of 
these tachycardias. One might conclude that tachycar- 
dias due to accessory AV pathways could be catego- 
rized in a unified and more accurate manner by using a 
simple description of pathway function and location. 
Such a description should include the direction of con- 
duction, functional characteristics of conduction (e.g. 
decremental, nondecremental) and location of the ac- 
cessory pathway. For example, the patients in this re- 
port could be described as having nearly incessant 
tachycardias due to accessory pathways with retrograde 
conduction and decremental properties, with locations 
along the tricuspid and mitral sulci. Of course, it is 
much easier to say that these patients had PJRT. 

implications for clinical management: This report 
suggests that transcatheter radiofrequency ablation of 
accessory pathways in patients with PJRT is an effec- 
tive, and possibly preferable, form of treatment, espe- 
cially in cases of tachycardia refractory to multiple 
pharmacologic treatment or when left ventricular dys- 
function is present. Ablation can be performed in young 


children, and can prevent, or minimize, the detrimental 
effects of persistent tachycardia on cardiac function.**”° 
Finally, attempts at mapping the accessory pathway in 
PJRT should take into account the findings presented 
here, specifically that the pathway may not be located 
in the traditionally described position. 
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Detection of Left Anterior Descending 
Coronary Artery Disease in Patients with 
Left Bundle Branch Block 


A. Cahid Civelek, MD, Ibrahim Gozukara, MD, Krzysztof Durski, PhD, Mehmet A. Ozguven, MD, 
Jeffrey A. Brinker, MD, Jonathan M. Links, PhD, Edwaldo E. Camargo, MD, 
Henry N. Wagner, Jr., MD, and John T. Flaherty, MD 


The detection of coronary artery disease is diffi- 
cult if a patient has electrocardiographic. evidence 
of left bundle branch block (BBB). Septal blood 
flow may be reduced in patients with left BBB, de- 
spite no angiographic evidence of left anterior de- 
scending (LAD) coronary artery disease. We have 
developed a new method of quantification of Thal- 
lium-201 single-photon emission computed tomo- 
graphic (SPECT) images with the aim of better 
separating patients with left BBB and LAD dis- 
ease from those with left BBB alone. The study co- 
hort comprised 8 normal subjects (group 1) and 20 
patients with left BBB and chest pain who under- 
went thallium-201 SPECT imaging and coronary 
angiography. Eight patients (group Il) had <50% 
LAD stenosis, and 12 (group Ill) had > 70% LAD 
stenosis. Septal abnormality scores on the second 
short-axis slice from the base were computed, 
based on comparison of each subject’s short-axis 
circumferential profile with a normal reference 
curve. This followed a procedure in which each 
profile was scaled to minimize differences in its 
absolute level in relation to the reference curve. 
Septal abnormality scores on stress images were 
0.8 + 22 for group I, 27 + 43 for group Il, and 
165 + 67 for group Ill (p = 0.15 for group I vs Il, 
and p <0.0001 between groups I and Ill, and Il 
and Ill). On delayed images, septal abnormality 
scores were 0.9 + 25, 3.2 + 31, and 101 + 51 in 
groups I, Il and Ill, respectively (p = not significant 
for group I vs Il, and p <0.0001 for group I vs Ill, 
and Il vs lll). This new method of analyzing stress 
thallium-201 SPECT circumferential profiles sepa- 
rated patients with left BBB and significant LAD 
disease, both with and without previous antero- 
septal myocardial infarction, from those with left 
BBB alone. 

(Am J Cardiol 1992;70:1565-1570) 
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dial perfusion imaging improve the diagnostic 
accuracy of stress testing for the distinction of 
coronary artery disease (CAD), it has been reported 
that both planar and tomographic thallium-201 stress 
tests have a high false-positive rate for the detection of 
left anterior descending (LAD) disease in the setting of 
left bundle branch block (BBB), with specificity rang- 
ing from 0 to 88%.!-6 The reasons cited for this high 
false-positive rate include technical factors, a functional 
decrease in perfusion of the septum due to compression 
of the intramural coronary arteries by the late, asyn- 
chronous contraction of the septum, blood flow reduc- 
tion in the septum due to the late, asynchronously con- 
tracting septum and subsequent down regulation of cor- 
onary vasomotor tone.’~!° , 
Because the coexistence of CAD and left BBB has 
prognostic and diagnostic importance, an accurate, non- 
invasive diagnostic test would be clinically useful.!! 
Since in the presence of left BBB and normal coro- 
nary arteries blood flow may be moderately reduced 
in the septal region, we speculated that improvement 
in the single-photon emission computed tomographic 
(SPECT) circumferential profile quantification tech- 
nique would enable better detection of this “functional” 
reduction in thallium activity, allowing separation of 
these patients from both normal subjects and patients 
with LAD disease and left BBB. Therefore, we conduct- 
ed a study to test the accuracy of a new method of cir- 
cumferential profile analysis of thallium-201 SPECT 
images for detection of LAD disease in patients with 
left BBB. This quantification technique was applied to 8 
normal subjects (group I), 8 patients with left BBB and 
<50% stenosis of the LAD (group II), and 12 patients 
with left BBB and 270% stenosis of the LAD (group 
ITT). 


A Ithough stress and delayed thallium-201 myocar- 


METHODS 

Patient cohort: Eight normal subjects (group I; 3 
women and 5 men, age range 19 to 44 years, mean 31) 
and 20 patients with left BBB and chest pain who were 
evaluated for the presence of CAD with an exercise 
thallium-201 SPECT study and coronary angiography 
were selected for this study. All patients had coronary 
angiography within 2 months of their thallium-201 
SPECT studies (18 + 20 days). 

There were 8 patients (5 men and 3 women, age 
range 43 to 76 years, mean 62) with left BBB and 
<50% diameter stenosis of the LAD (group II). A ste- 
nosis of 270% in the right or left circumflex coronary 
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artery was allowed and was present in 1 patient. One 
patient was excluded from group II because of history 
and echocardiographic evidence of a transmural antero- 
septal myocardial infarction, and thinning and hypoki- 
nesia of the septum, as well as thinning and akinesia of 
the apex. This patient had septal thallium scores of 116 
and 98 on stress and delayed circumferential profile 
analyses, respectively, consistent with a predominantly 
fixed septal perfusion defect. 

Twelve patients (mean age 70 years) with left BBB 
and a significant (270% diameter) LAD stenosis by 
coronary angiography were included in group III. There 
were 3 patients with only LAD disease, 3 with LAD 
and left circumflex CAD, 5 with LAD, left circumflex 
and right CAD, and 1 with a 90% left main stenosis in 
addition to severe 3-vessel CAD who had undergone 
multivessel coronary artery bypass surgery and had a 
significant (70 to 90%) stenosis in the LAD graft. Seven 
patients had a previously documented anteroseptal myo- 
cardial infarction, and 5 did not. 

Thallium-201 single-photon emission computed 
tomographic imaging protocol: All patients performed 
a symptom-limited, modified Bruce protocol, treadmill 
exercise test. At peak exercise, a dose of 3 mCi (111 
MBg) of thallium-201 chloride was administered intra- 
venously, and exercise was continued for 40 to 60 sec- 
onds after injection. SPECT imaging was obtained us- 
ing’ our routine protocol.!>!3 Thirty 1-minute projection 
images over 180° (from 45° right anterior oblique to 
225° left posterior oblique) were obtained in a 64 X 64 
matrix, using a low-energy, all-purpose collimator and 
35 X 35 cm field-of-view. During imaging, the patient 
table was offset 5 to 10 cm to the right so that the axis 
of the camera’s rotation was closer to the center of the 
left ventricle. This offset reduced the radius of rotation 
to an average of 19 cm compared with 25 cm for the 
conventional, centered-table position and resulted in an 
improved image resolution. 
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SPECT images were reconstructed according to our 
routine protocol that includes uniformity correction 
with a 150 million count flood, center-of-rotation cor- 
rection and low-pass filtering, no attenuation correction 
and reconstruction into 1 pixel thick (5.3 mm) transax- 
ial sections. Oblique angle reorientation and summation 
produced 2 pixel thick long-axis and 3 pixel thick short- 
axis sections of the left ventricle. Before reconstruction 
of the sections, motion detection and correction algo- 
rithm were applied to the projection images to compen- 
sate for the patient motion artifacts that could have oc- 
curred during imaging. 

Quantification of thallium activity on short-axis 
slices: To quantify the distribution of thallium within 
the left ventricular myocardium, circumferential pro- 
files were generated from each of the stress and delayed 
short-axis sections for each subject. Each circumferen- 
tial profile was obtained by calculating line integrals of 
36 equally spaced radii from the center of the left ven- 
tricle in each short-axis slice.!%!3 In previous studies us- 
ing circumferential profiles from our group and others, 
profiles would typically be normalized such that the 
maximum value was set to 100, and the profile was 
compared with a reference curve. 

In this standard approach to circumferential profile 
analysis, a reference profile is obtained from a set of 
individual normal volunteer curves. Like the patients’ 
profiles, each normal volunteer curve is first normalized 
such that the maximum value is set to 100, regardless of 
the actual position of this maximum point along the 
curve. In a set of normal volunteer curves, this maxi- 
mum point is typically within the anterior to anterolat- 
eral range (i.e., over a range of 100°). When the normal 
volunteer curves are averaged to form the reference 
curve (and the upper and lower normal limits that are 
based on the 2 SD in the normal set), the resulting pro- 
file loses much of the intrinsic shape of each individual 
curve, because of this large positional range of the max- 


FIGURE 1. Stress short-axis circumferen- 
tial profile of patient with left bundle 
branch block and no coronary artery dis- 
ease. When circumferential profile was 
normalized such that maximum value was 
set to 100 (standard method), deviation of 
patient’s curve from mean — 3 SD of nor- 
mal curve was exaggerated compared 
with that derived from new quantification 
technique. Box over circumferential curves 


highlights area over which septal abnor- 
mality score is calculated. ANT. = ante- 
rior. 
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imum point. Furthermore, the use of 1 point for scaling 
or normalization increases the effects of noise on both 
reference curve formation and comparison of an individ- 
ual patient’s curve with normal limits. We have devel- 
oped a new normalization approach to reduce these po- 
tential problems (Figure 1). 

We first produced a normal reference curve as fol- 
lows: 1 normal subject’s profile was (arbitrarily) chosen 
as a reference. The other 7 subjects’ profiles were indi- 
vidually scaled to this reference curve so that the differ- 
ence between the individual and reference profiles were 
minimized. A scalar was calculated that minimized the 
mean-squared difference between a given subject’s 
curve and the reference profile: 


A= A Letz) — af(x;)? 


where (xj) is the reference circumferential profile 
curve, f(x;) is the tested circumferential profile curve, 
and a is the scaling coefficient (scalar). 


2 GIE 


Qa = 


5 


£7(x;) 
1 


Each subject’s curve was then multiplied point-by-point 
by the respective scalar. Thus, the individual shapes of 
the profiles were preserved, while maximizing the abso- 
lute agreement across subjects. An average reference 
profile was then computed from the 8 scaled curves, and 
+ 3 SD curves were calculated. 

For this study, the mean + 3 SD curve was used as a 
reference for scaling each patient’s curve, and the mean 
normal curve was then used to compute an abnormality 
score, as follows. 

Circumferential profiles for the second short-axis 
slice from the base were used to calculate septal defect 
scores. The septal region was defined as the 90° area, 
beginning at the 12 o’clock position and with radii num- 
bered clockwise, from the 24th to 32nd of 36 radii along 
the short-axis slice circumferential profile (Figure 2). 
Each patient’s curve was individually scaled to the nor- 
mal mean curve, temporarily excluding the points on 
the patient’s curve that were below the normal mean — 
3 SD curve, so that no point on the patient’s curve ex- 
ceeded the normal mean + 3 SD curve. This was per- 
formed by minimizing the mean-squared difference be- 
tween the curves in a manner similar to that described 
previously. This procedure was also repeated for normal 
subjects. A septal defect score was computed as the area 
of each patient and subject’s final scaled curve that was 
below the normal mean curve. 

The difference between each patient’s circumferen- 
tial curve and the mean value curve, summed over the 9 
segments constituting the septal region, was calculated 
and expressed as an integral value. This procedure was 
performed on both stress and delayed circumferential 
profiles of the second short-axis slice (from the base) for 
all subjects. For each group, mean stress and delayed 
septal differences and SD were calculated. 





TABLE I Septal Abnormality Score 


Stress 
Short-Axis 


Delayed 


Short-Axis p Value 


0.8+220 0.92250 0.99 
27 + 43 3.22310 0:23 


Normal (group |; n = 8) 

Patients with LBBB & normal 
coronary arteries (group Il; 
n = 8) 

Patients with LBBB & abnormal 
coronary arteries (group Ill; 
n= 12) 


165 + 67 101 +51 0.015 


Significance Level Between Groups 


Groups Stress Delayed 


p=0.15 
p <0.0001 
p <0.0001 


LBBB = left bundle branch block. 


p = 0.87 
p <0.0001 
p <0.0001 


RESULTS 

Normal mean and + 3 SD circumferential profile 
curves are shown in Figure 1. On stress short-axis slices 
(second slice from base), the integral areas that were 
below the normal mean curve in the septal region were 
0.8 + 22.0 for the 8 normal subjects (group I), 27 + 43 
for the 8 patients with left BBB alone (group II), and 
165 + 67 for the 12 patients with left BBB and signifi- 
cant LAD disease (group III) (Table I). 

On delayed short-axis slices, the integral areas that 
were below the normal mean curve in the septal region 
were 0.9 + 25.0 for group I, 3.2 + 31.0 for group II and 
101 + 51 for group III (Table I). As expected, there 
was no statistical difference in stress and delayed thalli- 
um septal scores for group I. In contrast, for Group II, 


anterior 


inferior 





FIGURE 2. Schematic drawing of short-axis slice of left ven- 
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mild exercise-induced ischemia was suggested by a de- 
crease in the stress thallium septal score (27 + 43 to 3.2 
+ 31.0) on the delayed thallium images (p = 0.23). For 
group III, the difference was even greater and reached 
statistical significance (p = 0.015), indicating reversible 
exercise-induced ischemia in addition to fixed septal 
perfusion defects at rest in most patients (n = 10) (Ta- 
ble I). Statistical analysis of the mean stress thallium 
septal scores for groups I and II suggested a significant 
difference (p = 0.15). In contrast, the delayed thallium 
septal scores were nearly identical (p = 0.87), suggest- 
ing that as in normal subjects, patients with left BBB 
did not have decreased myocardial perfusion at rest. 

As was expected, the difference in thallium septal 
scores between groups I and III was significant for both 
the stress and delayed studies (p <0.0001). When group 
II was compared with group III, the difference was also 
highly significant (p <0.0001) for both stress and de- 
layed thallium studies. Furthermore, no patients with 
left BBB and without LAD disease had thallium septal 
scores that overlapped with those of patients with left 
BBB and LAD disease (Figure 3, A and C). However, 
although the difference in mean septal scores for groups 
I and II approached statistical significance during exer- 
cise (p = 0.15), there was considerable overlap in the 
individual patient scores (Figure 3A). 

The thallium-201 SPECT image acquisition, pro- 
cessing and quantification methods that are currently 
used in our institution include several advances (see Dis- 
cussion) over other previously published methods that 
were found to have lower specificity for detecting CAD 
in the presence of left BBB.2* To compare the new 


NEW METHOD 


Septal Score 
Septal Score 


Group | 
n=8 


Group I! 
n=8 


Group III 
n=#12 


Septal Score 
Septal Score 


Group ||! 
n=12 


Group I| 
n=8 


Group | 
n=8 
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method of thallium perfusion scan analysis with our 
currently used “standard” method, septal abnormality 
scores for all 8 normal subjects and all 20 patients with 
left BBB, with and without LAD disease, were comput- 
ed using both techniques (Figures 3, B and D, and 4). 
When the same subject’s stress and delayed septal ab- 
normality scores were calculated using the standard 
method, there was more overlap in septal defect scores 
between groups II and III, especially for their delayed 
images (Figure 3, B and D). The new method demon- 
strated a more consistent pattern of septal redistribution 
(p = 0.06) compared with that of the old method (p = 
0.32), with more scattered and less consistent redistri- 
bution (Figure 4). The results from both methods sug- 
gest that a mild increase in septal hypoperfusion devel- 
ops during exercise compared with at resting (delayed) 
conditions. 


DISCUSSION 

Previous reports found a high percentage of normal 
LAD coronary arteries in patients with left BBB who 
have septal perfusion defects demonstrated with stress 
on both planar and tomographic thallium-201 im- 
ages.2-© These findings challenge the specificity of stress 
thallium imaging to identify patients with CAD involv- 
ing the LAD in the presence of left BBB. Although sev- 
eral mechanisms have been proposed to explain the sep- 
tal perfusion defects observed in patients with left BBB 
and no hemodynamically significant LAD stenosis, the 
responsible mechanism remains speculative. Kurata et 
al suggested the following mechanisms: camera field 
nonuniformity, dysfunction of the septum without re- 


STANDARD METHOD 


FIGURE 3. Septal abnormali- 


method, septal 
show smaller SD and are 


Group III 
n=12 


Group || 
n=8 


Group | 
n=8 


tween groups Il and Ill are 
seen (B.). Delayed thallium- 
201 septal abnormality 
scores show only 1 of 8 pa- 
tients in group Il overlapping 
with group Ill using new 
method compared with 3 of 8 
in group Il using standard 
method (C. and D.). Small 
arrows in group Ill indicate 5 
individual patients without 
previous myocardial infarc- 
tion. 


Group III 
n=12 


Group || 
n=8 


Group | 
n=8 
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duction in coronary blood flow, exercise-induced coro- 
nary vasospasm or obstruction of the microvasculature, 
or a combination. Braat et al? proposed late asynchro- 
nous contraction of the septum as an explanation for 
perfusion defects on thallium images in patients with 
left BBB and normal coronary arteries. Using radionu- 
clide ventriculography, Schechtmann et al!* subsequent- 
ly documented late asymmetric contraction of the sep- 
tum, and Grines et Al" documented a reduced regional 
ejection fraction (40%) overlying the septum compared 
with in other regions of the left ventricle (67%). 

The relatively low (0 to 88%) specificity of thallium- 
201 imaging in the diagnosis of CAD in patients with 
left BBB can in part be explained by differences in im- 
aging and quantification techniques. Most previous 
SPECT studies used 4.0 to 6.2 mm (1 pixel) thick, 
short-axis slices for the evaluation of the septum.>!®!8 
Because the thinner, fibrous part of the upper septum is 
variable in length, our currently used standard quantifi- 
cation method utilizes 3 pixel (16.4 mm) thick, short- 
axis slices to minimize partial volume effects. Patient 
motion during imaging may result in image artefacts, 
often in the septal region. This potential quantification 
error can be minimized by performing a motion correc- 
tion in studies with motion artefact. During the process- 
ing of SPECT images, if the long axis of the left ventri- 
cle is not correctly defined, the activity of the septum 
will appear reduced on subsequently generated short- 
axis slices. Careful attention to quality control and other 
technical factors such as properly performed camera 
field uniformity and detector center-of-rotation correc- 
tions should minimize these errors. Attention to these 
quality control and technical factors may in part explain 
the better performance of our standard quantification 
technique compared with that of other previously re- 
ported methods. When the same subject’s stress septal 
abnormality scores were calculated using our standard 


FIGURE 4. Group Il subjects’ (8 patients 
with complete left bundle branch block 


analysis (A) show narrow range, and ex- 
cept for 1 patient, increased septal abnor- 
mality score during exercise, compared 
with delayed images (p = 0.06 by paired t 
test). However, for same subjects, delayed 


2 
Q 
dei 
= 
5 
Q 
dei 


layed image scores (B). Findings using 
new method would be consistent with mild 
decrease in perfusion of septum during ex- 
ercise-induced stress in patients with left 
bundle branch block and no significant 
anterior descending stenosis. 


method, although the range and SD were greater than 
with the new method (Figure 4), only 1 patient in group 
II had a stress septal defect score that overlapped with 
those in group III. In contrast, there were 3 patients in 
group II with delayed septal defect scores overlapping 
with those in group III. 

The presence of left BBB may cause septal wall dys- 
function due to late and asynchronous septal contrac- 
tion.?!5.!6 Coronary autoregulation may then result in 
these septal segments receiving less coronary blood flow, 
and therefore result in a septal perfusion deficit on thal- 
lium images.’!° Exercise may be expected to increase 
the delay in septal activation, as a fraction of the dura- 
tion of systole. In contrast, pharmacologic stress with 
dipyridamole would be expected to generate uniform 
coronary vasodilation, thus improving the specificity of 
tomographic Tl-201 imaging for detecting CAD in pa- 
tients with left BBB.'*'* 

Because myocardial blood flow in the interventricu- 
lar septum may be only modestly reduced in the pres- 
ence of left BBB and a normal LAD coronary artery, 
the SPECT quantification technique should optimally 
be both sensitive and specific to separate patients with 
only left BBB from those with both CAD and left BBB. 
The new quantification method presented here ap- 
peared to be sufficiently sensitive to detect a moderate 
reduction in septal thallium activity in patients with left 
BBB and no hemodynamically significant LAD stenosis 
compared with in normal control subjects, and was also 
able to separate patients with left BBB alone from those 
with both CAD and left BBB in whom septal thallium 
activity was reduced, but to a greater extent both at rest 
and with exercise stress. 

Study limitations: Seven of 12 patients in group III 
had previous, documented, anteroseptal myocardial in- 
farction. The remaining 5 patients with hemodynami- 
cally significant LAD disease without previous infarc- 


DELAYED STRESS 
NEW METHOD 


DELAYED STRESS 
STANDARD METHOD 
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tion could be separated from those with left BBB by 
their stress septal perfusion defect scores. As expected, 
their delayed defect scores overlapped with those of 
group II and approached the range for group I. A larger 
number of patients with left BBB without significant 
LAD disease will need to be studied to confirm these 
latter results. 

Because the selection criteria for inclusion in groups 
II and III were defined post hoc, the sensitivity, specific- 
ity and predictive accuracy of thallium-201 SPECT im- 
aging for the diagnosis of significant LAD disease in the 
presence of left BBB could not be determined in this 
study cohort. Therefore, a prospective study, applying 
this new, improved quantification technique to another, 
larger group of patients with left BBB undergoing stress 
and rest thallium-201 SPECT imaging and cardiac 
catheterization, is needed, and such a study is presently 
in progress. 
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SYSTEMIC HYPERTENSION 


Comparison of Sustained-Release Formulations 
of Nicardipine and Verapamil for Mild to 
Moderate Systemic Hypertension 


Alan H. Gradman, MD, William H. Frishman, MD, Paul M. Kaihlanen, MD, 
Suzanna C. Wong, PhD, and Karen J. Friday, MD 


in this double-blind, parallel, multicenter study, 
sustained-release (SR) preparations of 2 calcium 
antagonists, nicardipine and verapamil, were com- 
pared for the treatment of mild to moderate sys- 
temic hypertension. Two hundred eighteen pa- 
tients with supine diastolic blood pressures (BP) 
95 to 114 mm Hg were randomly assigned to re- 
ceive nicardipine-SR 45 mg twice daily (n = 73), 
nicardipine-SR 60 mg twice daily (n = 73) or vera- 
pamil-SR 240 mg once daily in the morning 
(n = 72). All 3 regimens significantly reduced su- 
pine and sitting systolic and diastolic BPs com- 
pared with baseline values (p <0.005). The effica- 
cy of drugs became apparent after 2 weeks of 
therapy, and was sustained throughout the 12- 
week study. Reductions in sitting diastolic BP and 
supine and sitting systolic BPs were statistically 
greater with nicardipine-SR 60 mg twice daily 
compared with verapamil, and nicardipine-SR 45 
mg twice daily was equivalent to verapamil. Asthe- 
nia and constipation occurred more frequently in 
patients treated with verapamil (9.7 and 11.1%, 
respectively, compared with 6.8 and 4.1% in ei- 
ther nicardipine group). Adverse events reported 
more frequently with nicardipine were headache 
(17.8% with nicardipine-SR 60 mg and 15.1% 
with nicardipine-SR 45 mg vs 13.9% with verapa- 
mil) and edema (15.1% in the nicardipine-SR 60 
mg group, 8.2% with nicardipine-SR 45 mg vs 
4.2% with verapamil). Verapamil, but not nicardi- 
pine, produced significant reductions in heart rate. 
SR preparations of calcium antagonists offer op- 
tions for effective monotherapy of systemic hyper- 
tension. Side-effect profiles differ and may affect 
choice of therapy. 

(Am J Cardiol 1992;70:1571-1575) 
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through inhibition of calcium influx and relaxa- 

tion of vascular smooth muscle,! and are often 
used as initial therapy for the treatment of systemic hy- 
pertension.” This class of drugs has several advantages 
as antihypertensive therapy, including efficacy as mono- 
therapy, lack of effect on plasma lipids and electrolytes, 
and good efficacy in African-American and elderly pa- 
tients.23 Although all of these drugs reduce blood pres- 
sure (BP) by decreasing peripheral vascular resistance, 
the individual calcium antagonists differ in their effects 
on peripheral vasculature and myocardium.*” Verapa- 
mil has a negative inotropic effect and slows conduction 
through the atrioventricular node. In contrast, nicar- 
dipine, a second-generation dihydropyridine calcium an- 
tagonist, has a greater degree of selectivity and dilates 
peripheral vasculature with little or no effect on the 
conduction system or on contractility.’ Few studies 
have directly compared different calcium antagonists 
for treatment of hypertension.® In this study, the effica- 
cy and safety of sustained-release (SR) nicardipine (ni- 
cardipine-SR) at 2 dosages, 45 or 60 mg twice daily, 
was compared with SR verapamil (verapamil-SR) given 
daily for the treatment of mild to moderate hyperten- 
sion. 


( antagonists reduce vascular resistance 


METHODS 

Patients: This double-blind, parallel, randomized, 
multicenter study was designed to include approximate- 
ly 240 ambulatory patients with mild to moderate hy- 
pertension. Patients were excluded if they had a hyper- 
sensitivity to calcium antagonists, had had a myocardial 
infarction within the past 6 months, a transient ischemic 
attack within the previous 12 months, or currently had 
orthostatic hypotension or atrioventricular block greater 
than first degree. Concomitant therapy with antihyper- 
tensive or vasoactive medications, ophthalmic f-adre- 
nergic blockers, tricyclic antidepressants, systemic corti- 
costeroids or oral contraceptives was cause for exclu- 
sion. Women of child-bearing potential were excluded 
from the study if they were not using adequate methods 
of contraception. 

Study design: Patients were randomly assigned in 
equal numbers to receive: nicardipine-SR 45 and 60 mg 
twice daily, or verapamil-SR (Isoptin-SR®, Knoll Phar- 
maceuticals) 240 mg once daily. Daily doses of the SR 
medications were comparable to those recommended for 
the immediate release formulations of each drug. The 
study blind was maintained using a double-dummy 


NICARDIPINE VERSUS VERAPAMIL IN HYPERTENSION 1571 


TABLE I Demographic Characteristics 


NSRO45* 
(n = 73) 


Age (yr) 
Mean + SE 
Weight (Ib) 
Mean + SE 
Height (inches) 
Mean + SE 
Body mass index* (%) 
Mean + SE 
Sex 
Men 50 (68.5%) 
Women 23 (31.5%) 
Smoker 
No 55 (75.3%) 
Yes 18 (24.7%) 
Ethnicity 
Caucasian 


54.8 + 1.3 
181.2 + 2.9 
67.5+0.5 


130.0 + 2.1 


50 (68.5%) 
Black 13 (17.8%) 
Hispanic 9 (12.3%) 
Asian 0 

Other 1 (1.4%) 


NSRO60* 
(n = 73) 


SSL 21.2 


178.6: + 3.7 


67.0+ 0.5 


129:5 = 2,1 


48 (65.8%) 
25 (34.2%) 


58 (79.4%) 
15 (20.6%) 


48 (65.8%) 
15 (20.6%) 
6 (8.2%) 
2 (2.7%) 
2 (2.7%) 


VERO240* 
(n = 72) 


54.6 + 1.3 


172.8 + 3.9 


66:7 ' 20.5 


127.3 + 2.4 


39 (54.2%) 
33 (45.8%) 


49 (68.1%) 
23 (31.9%) 


46 (63.9%) 
14 (19.4%) 
9 (12.5%) 
1 (1.4%) 
2 (2.8%) 


Total 
(n = 218) 


54.8 + 0.7 


177.6.+ 2.0 


67:1 +.0.3 


128.9 + 1.28 


137 (62.8%) 
81 (37.2%) 


162 (74.3%) 
56 (25.7%) 


144 (66.1%) 
42 (19.3%) 
24 (11.0%) 

3 (1.4%) 
5 (2.3%) 


*Body mass index = ([weight in Ibs]/(height in inches]*) x k x 100, with k = 31.81 (men) or 34.13 (women). 
NSRO45 = nicardipine sustained-release 45 mg twice daily; NSRO6O = nicardipine sustained-release 60 mg twice daily; 


VERO240 = verapamil 240 mg once daily. 


technique. At each visit, the numbers of capsules and 
tablets dispensed and returned were recorded. 

The study began with a single-blind placebo washout 
period of 1 to 4 weeks, during which the diagnosis of 
hypertension was confirmed by supine diastolic BP 
readings of 95 to 114 mm Hg that differed by no >10 
mm Hg on 2 consecutive weekly visits. Patients who 
met these criteria entered the 12-week active treatment 
phase. Visits were scheduled 23 to 25 hours after the 
previous morning dose of medication and 11 to 13 hours 
after the last evening dose, at times of anticipated 
trough drug effect. Serial supine and sitting systolic and 
diastolic BPs were measured at each visit. All readings 
were taken after the patient had been supine for 5 min- 
utes or had been sitting for 2 minutes, again 1 minute 
later, and then until 2 successive diastolic readings dif- 
fered by no >6 mm Hg. Diastolic BP was read at the 
disappearance of the Korotkoff sounds. Electrocardio- 
grams were recorded at the beginning of the active 
treatment phase and at the end of the study. At each 
visit, the patients were asked to report any changes or 
symptoms they had noticed. 

The study protocol was approved by the institutional 
review board at each of the 14 investigator sites. Each 
patient gave written informed consent to participate in 
the study. 

Statistical methods: Statistical analyses were per- 
formed using PC SAS.?:!° BP changes were the primary 
efficacy variables. Treatment comparisons were per- 
formed at the 0.05 significance level. Two-sided alterna- 
tives were generally used. 

Two-way analyses of variance with terms for treat- 
ment, investigator, and treatment-by-investigator inter- 
action were used to test for differences among treat- 
ment groups for continuous variables of demographics 
as well as for efficacy and safety analyses. Least- 
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squares estimates of the treatment differences were ob- 
tained for each pair of treatments. Least-squares means 
were also used to estimate the ratios for reductions in 
BP or heart rate at end point, and 95% fiducial limits 
were obtained for comparing each nicardipine group 
with the verapamil group. Fieller’s theorem!! was ap- 
plied to the least-squares means, assuming indepen- 
dence between the treatment groups. The l-sample t 
test or the signed rank test was used to assess within- 
group post-treatment changes from pretreatment values 
for continuous variables. Proportions of patients with 
various responses were compared across treatment 
groups using the Cochran-Mantel-Haentzel test.!2 


RESULTS 

Patient characteristics: Of the 218 patients enrolled 
at the 14 centers, 73 received nicardipine-SR 45 mg 
twice daily, 73 received nicardipine-SR 60 mg twice 
daily, and 72 received verapamil-SR 240 mg once daily. 
There were no significant differences among the groups 
in initial demographics (Table I). The study population 
was aged 27 to 77 years (mean 55) and 63% were men. 
Two thirds of the population were white. Body mass 
index averaged 30% above the normal. 

Drug compliance: Drug compliance was similar 
among the treatment groups, with an average of 98%. 

withdrawals: Of the 218 patients, 34 

(15.6%) withdrew from the study prematurely, 13 in the 
nicardipine-SR 45 mg group, 11 in the nicardipine-SR 
60 mg group and 10 in the verapamil group. These pro- 
portions were not significantly different among the 
treatment groups. Patients were included in the analyses 
up to the time of withdrawal from the study. 

Investigators terminated the study for ineffectiveness 
of study medication in 8 patients (3.7%): 5 (6.9%) tak- 
ing the lower dosage of nicardipine-SR, 1 (1.4%) taking 
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the higher dosage of nicardipine-SR, and 2 (2.8%) tak- 
ing verapamil. Fourteen patients (6.4%) terminated the 
study prematurely for adverse events: 3 receiving nicar- 
dipine-SR 45 mg twice daily, 6 receiving nicardipine- 
SR 60 mg twice daily, and 5 receiving verapamil-SR 
240 mg once daily. 

Efficacy: Each therapy significantly (p <0.005) re- 
duced supine and sitting systolic and diastolic BPs by 
the second week of treatment, and sustained this effect 
throughout the 12-week study (Figure 1). The decrease 
in sitting and supine systolic BPs and in sitting diastolic 
BPs was consistently the greatest with nicardipine-SR 
60 mg twice daily. Comparing the ratio of the reduction 
in BP with each nicardipine dose to that with verapamil 
(Figure 2), nicardipine-SR 60 mg twice daily was sig- 
nificantly more effective in reducing sitting diastolic 
and systolic BP and supine systolic BP. Nicardipine-SR 
45 mg twice daily was equivalent to verapamil-SR 240 
mg once daily. 

In defining the treatment goals for diastolic BP as 
achieving a pressure <90 mm Hg or reducing BP >10 
mm Hg, both nicardipine-SR 60 mg twice daily and 
verapamil 240 mg once daily were significantly more 
effective than nicardipine-SR 45 mg twice daily (Figure 
3). With the goal for treating systolic BP defined as 
achieving a pressure <140 mm Hg or reducing BP >10 
mm Hg, nicardipine-SR 60 mg twice daily was signifi- 
cantly more effective than nicardipine-SR 45 mg. The 
response rates with nicardipine-SR 60 mg twice daily 
tended to be higher than verapamil-SR 240 mg for su- 
pine systolic (p = 0.059) and sitting systolic (p = 0.097) 
BP. 


Supine 


N= 65 65 
NSRO045 


85 


N = 65 65 64 64 66 66 


Treatment NSRO45 NSRO60 VER240 


* p < 0.005 Endpoint vs Baseline 
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Safety: No changes in heart rate from pretreatment 
values were seen in the nicardipine groups. Treatment 
with verapamil produced a significant reduction in heart 
rate, from 74 + 1 beats/min at baseline to 72 + 1 
beats/min at end point (p <0.01). Analysis of elec- 
trocardiograms at baseline and end point showed sta- 
tistically significant decreases in ventricular rate (p 
<0.001), and increases in QRS (p = 0.015) and QT in- 
tervals (p = 0.004) with verapamil. The QT interval 
after correction for heart rate was not significantly 
changed. 

Overall, there were no significant differences among 
the treatment groups in the percentages of patients re- 
porting adverse events with onset during the active 
phase of the study. Headache was the most frequently 
reported adverse event, with 34 patients (15.6% of study 
patients) affected, occurring in 15.1% of patients taking 
45 mg twice daily of nicardipine-SR, 17.8% taking 60 
mg twice daily and 13.9% of patients taking verapamil. 
Other frequent adverse events in this study population 
were edema in 20 patients (9.2%), asthenia in 17 (7.8%) 
and constipation in 14 (6.4%). Edema occurred most 
frequently with nicardipine-SR 60 mg (15.1%), com- 
pared with 8.2% with nicardipine-SR 45 mg and 4.2% 
with verapamil-SR; the adverse event increased with the 
higher dose of nicardipine-SR. Asthenia was seen more 
often with verapamil, occurring in 9.7% of patients com- 
pared with 6.8% in each of the groups receiving nicardi- 
pine-SR. Constipation occurred in 11.1% of the verapa- 
mil group, but in only 4.1% of the patients in the nicar- 
dipine groups. Chest pain was reported by 3 patients 
taking nicardipine-SR (1 with 45 mg and 2 with 60 mg 
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FIGURE 1. Systolic (SBP) and diastolic (DBP) blood pressure at baseline (striped bars) and at end point (open bars). 
NSRO45 = sustained-release nicardipine sustained-release 


45 mg twice daily; NSROGO = 


VER240 = verapamil sustained-release 240 mg once daily. 


60 mg twice daily; 
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twice daily), and in 1 patient taking verapamil-SR, and 
did not necessitate study discontinuation. 


DISCUSSION 
SR preparations of both calcium antagonists, nicar- 
dipine and verapamil, significantly reduced BPs mea- 


Verapamil - 
better 


Nicardipine 
better 


DBP, Supine 


sured at the time of anticipated trough drug levels. The 
higher dosage of nicardipine-SR 60 mg twice-daily was 
significantly better than verapamil-SR 240 mg once- 
daily in reducing sitting and supine systolic BPs and sit- 
ting diastolic BPs. Both calcium antagonists were effec- 
tive as monotherapy for mild to moderate hypertension 
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FIGURE 3. Response to therapy for 


blood pressure to <90 mm Hg or a 
reduction of >10 mm Hg from 
baseline; for systolic blood pressure 
(SBP), a response was defined as a 
reduction in blood pressure to 
<140 mm Hg or a reduction of 210 
mm Hg from the initial values. A p 
value indicates the differences be- 
tween the groups as indicated. a = p 
<0.01 vs NSROGO; b = p <0.05 vs 
VER240; c = p <0.05 vs NSROGO; 
d = p <0.10 vs NSROGO; other ab- 
breviations as in Figure 1. 
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in about two thirds of patients with mild to moderate 
hypertension. Efficacy was seen within 2 weeks of initi- 
ating therapy and was maintained throughout the 12- 
week treatment period. The greater effect on systolic 
BP seen with the higher dosage of nicardipine-SR may 
reflect the tendency to higher BPs in patients assigned 
to this treatment group. In addition, efficacy compari- 
son was limited by the fact that doses of calcium antag- 
onist were not titrated and all patients received a fixed 
dose. The 60 mg twice-daily dose of nicardipine-SR was 
more effective than the 45 mg dose. The efficacy of ve- 
rapamil might have increased if higher dosages had 
been used, although the largest dose of verapamil-SR 
indicated for once-daily use was administered. 

The greater vasoselectivity of nicardipine may allow 
higher upward dose titration without limiting cardiac 
side effects resulting from decreased myocardial con- 
tractility and conduction block. The fact that verapamil, 
but not nicardipine, reduced resting heart rate is consis- 
tent with this viewpoint, although definitive conclusions 
will require additional studies. In a previous study com- 
paring nicardipine and verapamil in immediate-release 
formulations for the treatment of hypertension,® there 
were significant reductions in resting and exercise heart 
rate with verapamil, but no change with nicardipine. 
The same study also demonstrated a significant differ- 
ence between these drugs, with nicardipine producing a 
small decrease in ejection time, and verapamil a small 
increase. Although left ventricular function was not as- 
sessed in this study, verapamil is known to have a nega- 
tive inotropic effect that may limit its usefulness in pa- 
tients with impaired cardiac contractility. 

The primary objective of SR drug formulations is to 
reduce dosing intervals while providing a consistent 
drug effect throughout the day. Studies have shown that 
although compliance is poor when medication must be 
taken 3 times a day, compliance improves with less fre- 
quent dosing.!? Compliance rates in this study were ex- 
cellent for both nicardipine-SR and verapamil-SR. 

This study demonstrates control of hypertension by 
either calcium antagonist as monotherapy in approxi- 
mately two thirds of patients. Given the availability 
of many drugs with proven antihypertensive efficacy, 
choice of therapy is often determined as much by side- 
effect profile as by efficacy. Study discontinuation for 
adverse events was low with both drugs. However, there 
were distinct patterns in the incidence of adverse effects. 
Asthenia and constipation were more common with ve- 
rapamil-SR than with either dosage of nicardipine-SR. 
Edema occurred almost twice as often with the 60 mg 
twice-daily dosage of nicardipine-SR than the 45 mg 
twice-daily dosage, and was greater with either dosage 
of nicardipine-SR than was verapamil-SR; edema was 
the only side effect that increased with the higher dos- 
age of nicardipine. 

A therapeutic choice between SR formulations of ni- 
cardipine and verapamil would depend on the side-ef- 
fect profile and the need to minimize effects on conduc- 
tion or contractility. 

Acknowledgment: We thank Jacki Michaels, RN, 
and Andrew A. Wolff, MD, for monitoring and direct- 
ing this study. 


APPENDIX 

Participants and study centers: Dennis Costello, 
MD (Principal Investigator), Rosie Obeso, La Jolla, 
CA; Murray Korc, MD (Principal Investigator), Wil- 
liam R. Roeske, MD, Ernestina Pelayo, RA, University 
of Arizona, Tucson, AZ; Howard Zeitz, MD (Principal 
Investigator), Hamid Hai, MD, Louis Johnston, MD, 
Susan Finn, RN, Grant Hospital of Chicago, Chicago, 
IL; Paul Michael Kaihlanen, MD (Principal Investiga- 
tor), Dennis Ruff, MD, Darleen Parks, RN, San Anto- 
nio, TX; George P. Lewis, MD (Principal Investigator), 
Robert P. Paone, PharmD, Carole Means, RN, Clinical 
Pharmacology Center, New Bedford, MA; William H. 
Frishman, MD (Principal Investigator), Elliot Lazar, 
MD, Martin Cohen, MD, Jeanne Lapsker, MD, Joel 
Strom, MD, Jeremy Nadelmann, MD, Mark Heiman, 
MD, Gloria Valentin, Mary Fornasier-Bongo, BS, AL 
bert Einstein College of Medicine, Bronx, NY; Nicolas 
Vlachakis, MD (Principal Investigator), Peter Hegadus, 
Los Angeles County-USC Medical Center, Los Ange- 
les, CA; Alan H. Gradman, MD (Principal Investiga- 
tor), Kathy Riordan, Kate Rohlfs, RN, Eileen E. Rhati- 
gan, RN, West Haven VA Medical Center-Yale Uni- 
versity, West Haven, CT; Lawrence R. Krakoff, MD 
(Principal Investigator), Maria Ardeljan, RN, Mount 
Sinai Medical Center, New York, NY; Michael Weber, 
MD (Principal Investigator), Deanna Chung, MD, 
Carol Hoffman, RN, Research Medical Clinic, Long 
Beach, CA; Robert Paster, MD (Principal Investiga- 
tor), Deb Coulthard, CMA, Brenda Gehin, RTR, Dean 
Medical Clinic, Oregon, WI; Jerrold Glassman, MD 
(Principal Investigator), Louise Toye, RN, San Diego, 
CA; David G. Van Sickle, MD (Principal Investigator), 
Vicki Craig, RN, Lake Oswego, OR; Charles B. Gold- 
berg, MD (Principal Investigator), Dora Wells, Port- 
land, OR. 
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CONGESTIVE HEART FAILURE 


Comparison of Different Methods for 
Assessing Sympathovagal Balance in 
Chronic Congestive Heart Failure Secondary to 
Coronary Artery Disease 


Stamatis Adamopoulos, MD, Massimo Piepoli, MD, Alastair McCance, MD, 
Luciano Bernardi, MD, Alberto Rocadaelli, MD, Oliver Ormerod, DM, 
Colin Forfar, MD, PhD, Peter Sleight, MD, DM, and Andrew J. S. Coats, MRCP, FRACP 


Twenty-five patients (aged 62 + 2 years) with sta- 
ble, moderate to severe ischemic congestive heart 
failure (CHF) (New York Heart Association class 
Dit: 15/10; ejection fraction 21.6 + 2%; and 
peak oxygen uptake 13.6 + 0.7 ml/kg/min) were 
studied to evaluate the ability of different methods 
to characterize autonomic tone in chronic CHF. 
Sympathovagal balance was assessed by: (1) 
heart rate variability in the time domain, assessed 
by the SD of RR intervals; (2) heart rate variability 
in the frequency domain, assessed by low- (0.03 
to 0.14 Hz) and high- (0.18 to 0.40 Hz) frequency 
components of heart rate variability by autore- 
gressive power spectral analysis; (3) 24-hour, 
daytime and nighttime heart rate; (4) submaximal 
heart rate during upright bicycle exercise, with 
respiratory gas analysis to obtain peak oxygen up- 
take; and (5) radiolabeled norepinephrine spill- 
over. These methods did not correlate, with the 
exception of day and nighttime heart rate 

(r = 0.74; p <0.001) and the expected inverse cor- 
relation between low and high frequency 

(r = —0.92; p <0.001). No method correlated sig- 
nificantly with peak oxygen uptake, exercise toler- 
ance or ejection fraction. 

After 8 weeks of physical training at home, all 
methods showed improvement in autonomic bal- 
ance: increases in SD of RR intervals (+21%; p 
<0.02) and high frequency (+41%; p <0.007), 
and decreases in low frequency (—19%; p 
<0.002), low-/high-frequency ratio (—48%; 

p <0.03), norepinephrine spillover (28.9%; p 
<0.03), 24-hour heart rate (—2.7%; p <0.005) 
and submaximal heart rate (— 10.8%; p <0.01). 
However, neither the absolute values nor percent 
changes of the individual measures of autonomic 
function after training showed a significant corre- 
lation between each other. In patients with CHF, 
the individual parameters of autonomic control re- 
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flect different aspects of circulatory control. A 
comprehensive description of autonomic tone 
probably needs multiple methods. 

(Am J Cardiol 1992;70:1576-1582) 


nomic control of the cardiovascular system, such 

as decreased heart rate variability and excessive 
release of endogenous vasoconstrictor neurohormones, 
both predictors of increased mortality after myocardial 
infarction or in congestive heart failure (CHF), or 
both.!-3 The methods currently used to assess autonom- 
ic function do not necessarily measure sympathetic and 
parasympathetic tone directly. For example,‘ norepi- 
nephrine levels reflect the net effects of both central and 
peripheral influences on the sympathetic nervous system 
and are influenced by neuronal uptake and metabolic 
degradation rates. Heart rate variability, assessed by the 
SD of the RR intervals, although primarily reflecting 
vagal tone is also influenced by the fluctuations in sym- 
pathetic (one 28 Power spectral analysis—derived low- 
frequency fluctuations of heart rate variability are con- 
sidered a semiquantitative measure of sympathetic ac- 
tivity and are probably mediated jointly by both the 
sympathetic and vagal systems.’ Various methods of es- 
timating vagal activity have not shown a high degree of 
correlation, nor have muscle sympathetic activity or 
plasma catecholamines shown a consistent correlation 
with low-frequency heart rate fluctuations.?!° There- 
fore, we attempted to further investigate the degree of 
correlation between multiple individual measures of 
autonomic function in a homogeneous group with im- 
paired autonomic control (patients with CHF in whom 
autonomic balance is both abnormal and prognostically 
important). Such information may determine whether 
individual measures are sufficient to describe autonomic 
control in these patients or whether multiple indepen- 
dent methods are necessary. We compared the changes 
in the various parameters of autonomic function before 
and after physical training, which has been reported to 
alter autonomic balance.!! 


( failure is associated with abnormal auto- 


METHODS 

Study patients: Twenty-five subjects gave informed 
consent for this trial, which was approved by the local 
ethics committee. We studied only patients with stable 
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CHF secondary to ischemic heart disease; the ischemic 
etiology was evidenced by documented previous myo- 
cardial infarction or coronary arteriography and coro- 
nary artery bypass surgery, or both. However, there was 
an absence of symptomatic angina or electrocardio- 
graphic evidence of ischemia limiting exercise; there 
was also an absence of Holter monitoring evidence of 
ventricular arrhythmias. All patients had limitation of 
exercise by symptoms of dyspnea or fatigue only and 
were able to reach a respiratory exchange ratio of at 
least unity. 

Patients were aged 62 + 2 years (range 43 to 75). 
Fifteen patients were in New York Heart Association 
class II and 10 in class III. Radionuclide left ventricular 
ejection fraction was 21.6 + 2.0% and peak oxygen up- 
take 13.6 + 0.7 ml/kg/min (mean + SEM). Nine pa- 
tients had undergone coronary artery bypass grafting. 
All subjects were receiving diuretics (median furose- 
mide dose 80 mg); 22 patients were receiving angioten- 
sin-converting enzyme inhibitors. Pharmacologic treat- 
ment was stable for 3 months before the study and for 
the duration of the study in all subjects. On entry to the 
trial, patients underwent a 2- to 4-week familiarization 
and baseline evaluation phase during which reproduc- 
ible exercise and autonomic tests were performed. Sub- 
sequently, all patients were randomized to 8 weeks of 
bicycle exercise or avoidance of exercise in a crossover 
design that was previously described.!? 

Exercise testing: Exercise tests were performed on 
a Tunturi Professional Ergometer (Tunturi, Finland). 
Upright bicycle tests were performed in 5-minute 
stages, with 25 W increments to the limit of tolerance. 
All tests were performed before daily medication had 
been taken and were conducted by a neutral, “blinded” 
observer. Oxygen consumption and carbon dioxide pro- 
duction were measured during the test.!? 

Heart rate measurements: HEART RATE DURING EXER- 
CISE TESTS: Heart rate was recorded from the electrocar- 
diogram during each stage of the bicycle exercise test. 

TWENTY-FOUR-HOUR ELECTROCARDIOGRAPHIC MONI- 
TORING: Twenty-four-hour electrocardiographic moni- 
toring was performed using a 2-channel recorder (Ox- 
ford Medilog II, Oxford Med. Instruments). Modified 
Vu and V; leads were recorded. Two-channel quantita- 
tive electrocardiographic analysis was performed using 
a computerized non-triggered template system compris- 
ing a Z80A preprocessor and DEC-LSI master, devel- 
oped and validated in our laboratory.'? Analysis of the 
recordings was performed by an observer who was un- 
aware of other patient characteristics. Data were ana- 
lyzed to obtain the mean value and SD of all RR inter- 
vals that had normal morphology and cycle lengths be- 
tween 80 and 120% of the preceding cycle duration. 
Mean heart rate and heart rate variability (SD of RR 
intervals) are presented for the entire 24 hours, daytime 
(14 to 20 hours) and night (0 to 6). 

LABORATORY REST HEART RATE MONITORING: Six hun- 
dred forty consecutive heart beats were recorded in a 
quiet, darkened environment after 30 minutes of bed 
rest during the day on a Store 4 Racal-Thermionic FM 
tape recorder (Southampton, United Kingdom) at 15/ 
16 inches/second. 


Power spectral analysis of RR variability: SIGNAL 
ACQUISITION: The tape-recorded data were digitized off- 
line by a 12-bit analog-to-digital converter (NB-MIO- 
16 board, National Instruments, Austin, Texas) at a 
sampling rate of 500 samples/second. The converter 
was connected to a Macintosh IIcx computer (Apple 
Inc., Cupertino, California) equipped with 5Mb RAM 
memory and a 60Mb hard disk. A “C” language pro- 
gram identified all QRS complexes in each sequence 
and then located the peak of each R wave. From these 
data, the RR intervals were obtained, and for each se- 
quence, 256 heart beats were analyzed. Trends were re- 
moved from each sequence by subtraction of that same 
sequence after a 124-lag window-smoothing procedure, 
using a previously described algorithm.'* Premature 
beats were interactively identified and corrected by lin- 
ear interpolation with the previous and following beats. 

POWER SPECTRAL ANALYSIS: Power spectral analysis of 
the RR-interval signal was performed with an autore- 
gressive model.!4 Model coefficients were evaluated ac- 
cording to a modification of the Burg algorithm.!* Mod- 
el order was assessed by Akaike criteria,'® and a model 
order between 9 and 13 was found to be adequate in 
most cases. Spectral components were obtained by a 
previously described decomposition method’!*!” that 
was also used to measure the area below each spectral 
peak. We expressed the variation in Hz rather than in 
cycles/beat, assuming that the RR interval changes 
were small with respect to the mean RR interval and 





FIGURE 1. Top, histogram of RR-interval variability for 1 
subject; bottom, power spectral analysis of this RR variability 
with 2 separate peaks: high-frequency (HF) peak (0.18 to 


0.40 Hz) that is with respiration, and low-fre- 
quency (LF) peak (0.03 to 0.14 Hz) that has been found to re- 
flect changes in sympathetic tone. 
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TABLE I Individual Patient Demographic and Autonomic Data 


VO2max HRa HRs Smax-HR NE-Rest NE-50W 
EF (mi/kg/ x-Dur (beats/ (beats/ (beats/ SD-RRa SD-RRs PSA-LF PSA-HF (ng/min/ (ng/min/ 
Initials Age Drugs (%) min) (min) min) min) min) (ms) (ms) (nu) (nu)  LF/HF m2) m2) 


Sg 


99999999 


D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 


a = awake vesting laboratory recording of 640 consecutive beats); A = antiarrhythmics; D = diuretics; Dig = digoxin; EF = ejection fraction; Ex-Dur = upright bicycle exercise 
r 


duration; HF = high 


equency (0.18 to 0.40 Hz); HR = heart rate; | = angiotensin-converting enzyme inhibitors; LF = low frequency (0.03 to 0.14 Hz); NE-Rest = norepinephrine 


spillover at rest; NE-SOW = norepinephrine during submaximal (50 W) supine bicycle exercise, PSA = power spectral analysis of heart rate variability; s = sleep (O to 6 a.m.); 
SD-RR = SD of RR intervals; Smax-HR = submaximal heart rate during upright bicycle exercise; VOzmax = peak oxygen uptake. 


considering the sampling time to be equal to the mean 
RR interval. An example of this spectral analysis for 1 
subject is shown in Figure 1. The power spectrum shows 
2 separate peaks; the higher frequency peak is related to 
respiration, and the low-frequency peak appears unre- 
lated to any respiratory event and has been found to 
reflect changes in sympathetic tone.’:!6 We evaluated 
the power of the harmonic components in the ranges 
between 0.03 and 0.14 Hz (low-frequency component) 
and between 0.18 and 0.40 Hz (high-frequency compo- 
nent). To simplify comparison between spectra obtained 
in different units, we considered the relative percentage 
of each spectral component compared with the total os- 
cillatory power and expressed in normalized units (nu). 

The relative amount of high frequency, and the ab- 
solute amount of respiratory sinus arrhythmia have 
been considered as indexes of parasympathetic activity, 
whereas the relative amount of low frequency, and the 
low-/high-frequency ratio have been considered as in- 
dexes of sympathetic activity.!® 

Norepinephrine kinetics: Norepinephrine kinetics 
were measured according to the techniques of Esler et 
al!8 and described by us previously.!9 1-(2,5,6-3H)nor- 
epinephrine (New England Nuclear, Boston) was ad- 
ministered intravenously as a bolus (12 wCi [0.44 
MBgq]), followed by constant infusion (0.7 wCi [0.026 
MBgq]/min/m2) for up to 60 minutes. Arterial and ve- 
nous blood samples were collected at rest and at sub- 
maximal (50 W) supine bicycle exercise (5-minute in- 
crements) in both training and detraining conditions. 
Blood samples were analyzed for norepinephrine by 
high-performance liquid chromatography with electro- 
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chemical detection and for [*H]norepinephrine by liq- 
uid scintillation counting of alumina extracts with cor- 
rection for recovery of a nonradioactive internal stan- 
dard (dihydroxybenzylamine). The normal range of 
plasma norepinephrine in our laboratory is 120 to 300 
pg/ml. The within-day coefficient of variation is 4% for 
the estimation of plasma norepinephrine and 7% for 
[*H]norepinephrine. Norepinephrine plasma clearance 
and whole body norepinephrine spillover were measured 
according to the equations below that hold under 
steady-state conditions.”° It has been shown that after 
the attainment of steady-state conditions at rest, the 
plasma concentration of endogenous and tritiated nor- 
epinephrine are in a new steady-state condition after 5 
minutes of exercise.* Whole body norepinephrine clear- 
ance = infusion rate (dpm/min)/plasma [3H]norepi- 
nephrine (dpm/ml); and whole body norepinephrine 
spillover = infusion rate (dpm/min)/specific radioactiv- 
ity of plasma norepinephrine (dpm/pg). 

Statistical methods: Statistical analysis was per- 
formed according to the recommendations of Hills and 
Armitage?! for crossover trials. Student’s paired f test 
was used for comparisons of heart rate, and the Wil- 
coxon signed-rank test was used for comparisons of 
heart rate variability, low- and high-frequency compo- 
nents of power spectral analysis, and norepinephrine 
spillover between physical training and detraining. 
Least-squares linear regression analysis was also per- 
formed between variables with the “Statview” 512 sta- 
tistical program for the Macintosh computer. For inter- 
method correlations, a <1% level of confidence was 
considered significant, taking into account the multiple 
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possible regressions. Results are expressed as mean + 
SEM. 


RESULTS 

Intermethod comparisons: Individual patient demo- 
graphic and autonomic data are listed in Table I; exam- 
ples of some possible intermethod correlations are 
shown in Figure 2. Only 7 of 45 possible correlations 
were significant at the 1% level. These correlations were 


all between closely similar techniques (such as daytime 


and nighttime heart rates), whereas between differing 
techniques (such as heart rate variability and norepi- 
nephrine spillover) there was no correlation (correlation 
matrix in Figure 3). Thus, there was a good correlation 
between heart rates while awake and asleep (r = 0.74, p 
<0.001) and between heart rate while awake or asleep 
and submaximal heart rate (r = 0.51 and 0.54, respec- 
tively; p <0.01). Furthermore, as expected, there were 
good correlations between low and high frequency (r = 
—0.92; p <0.001), low frequency and low-/high-fre- 
quency ratio (r = 0.77; p <0.001), and high frequency 
and low-/high-frequency ratio (r = —0.69, p <0.001). 
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Finally, there was a good correlation between norepi- 
nephrine spillover at rest and at submaximal exercise 
(r = 0.77; p <0.001) (Figure 3). However, there was no 
significant correlation between the autonomic parame- 
ters and indexes of cardiac function (ejection fraction, 
peak oxygen uptake and exercise duration). 

The effects of physical training on the individual 
measurements of autonomic balance are shown in Table 
II. There was no correlation between the individual 
parameters after training or between the training-in- 
duced percent changes of the various parameters of 
autonomic function, except for those between low and 
high frequency (r = —0.61; p <0.003), low frequency 
and low-/high-frequency ratio (r = 0.64; p <0.001), 
and high frequency and low-/high-frequency ratio (r = 
—0.73; p <0.001) (correlation matrix in Figure 4). 

There were only 2 patients receiving digoxin and 
only 3 not receiving an angiotensin-converting enzyme 
inhibitor; therefore, these numbers were too small to de- 
termine whether these medications significantly affect- 
ed the absence of correlation between the various pa- 
rameters of autonomic control. 
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FIGURE 2. A, correlation between submaximal heart rate (HR) and SD of RR intervals (SD-RR) during awake (a) resting labora- 


tory recording. B, correlation between low 


component of HR variability and submaximal HR. C, correlation between 


-frequency 
of HR variability and submaximal HR. D, correlation between high-frequency component of HR vari- 
laboratory recording 


ability and SD of RR intervals during awake resting 
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TABLE H Values of the Various Parameters Measuring 
Autonomic Balance; Effects of Physical Training 







Parameter Value % Change pValue 
















24-hour heart rate (beats/min) 76.0 + 2.9 —2,7 

Heart rate sleep (0 to 6 A.M.) 71.3.4 2.0 —2.8 

Heart rate awake 73.4 + 2.6 =2.8  <0.05 
Heart rate daytime (14 to 20 P.M.) 86.7 + 3.3 —3.4  <0.05 
Submaximal heart rate 103.6+2.4 -108 <0.01 
SD of RR intervals, sleep (ms) 63.7+6.8 +20.7 <0.02 
SD of RR intervals, awake (ms) 33.3+4.5 +208 <0.004 
Low frequency (nu) 62.7+4.2  -18.9 <0.002 
High frequency (nu) 29.5+4.2 +40.5. <0.007 
Low-/high-frequency ratio 44+1.1 -47.7 <0.03 
Norepinephrine, rest (ng/min/m2) 449+60 280 <0.03 
Norepinephrine, 50 W 760 + 92 -9.3 NS 





NS = not significant. 


The possibility that prior coronary artery bypass sur- 
gery may have altered both afferent and efferent cardi- 
ac neural mechanisms by structural injury cannot be 
excluded. However, when we excluded from analysis 
patients (9 of 25) who underwent coronary artery by- 
pass surgery, there was still an absence of correlation 
between the different methods of assessing sympathova- 
gal balance. 


DISCUSSION 
The methods currently used to evaluate autonomic 
balance in patients with chronic CHF should be compa- 


HRs 


SmaxHR SD-RRa SD-RRs PSA-LF PSA-HF LF/HF 


rable if only 1 descriptive measure is to be used. Venous 
plasma norepinephrine is clearly not an ideal guide to 
sympathetic activity in CHF,22 because the level of 
plasma norepinephrine can be altered by changes in 
both neural release and removal from plasma, and CHF 
is a condition in which clearance is impaired.!9 Another 
difficulty is that circulating levels are the results of spill- 
over of norepinephrine into the circulation from the en- 
tire body, but cardiovascular stimuli elicit highly differ- 
entiated responses that seldom involve a simple overall 
increase or decrease in sympathetic neural activity.23 In- 
creased levels of circulating norepinephrine may result 
from either increased sympathetic nerve activity, facili- 
tated release of norepinephrine from peripheral adrener- 
gic nerve endings, or altered synthesis or metabolism of 
norepinephrine. For example, angiotensin II stimulates 
the synthesis of norepinephrine in nerve terminals and 
facilitates norepinephrine release.24 

A reasonable correlation has been described between 
resting muscle sympathetic nerve activity and plasma 
norepinephrine levels in patients with CHF.5 In this 
study, however, the range of the severity of CHF was 
broad, the age distribution was wide, the etiologies of 
CHF were multiple, and the number of subjects was 
small, all of which could increase the apparent correla- 
tion between methods. Recent data showed different 
time courses of both acute changes and their magnitude 
when comparing plasma norepinephrine levels and pero- 
neal nerve muscle sympathetic activity.25 
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Although the low-frequency component derived 
from power spectral analysis of the RR-interval vari- 
ability has been thought to be a quantitative measure of 
sympathetic tone,”!® the contribution of vagal activity 
and baroreflex responses to the development of low- 
frequency fluctuations is not trivial. This may explain 
the absence of correlation between low frequency or 
low-/high-frequency ratio and norepinephrine spillover 
in this study. Our findings are in agreement with those 
of Saul et al? in normal subjects, where muscle sympa- 
thetic activity did or did not correlate with low-frequen- 
cy heart rate fluctuations depending on the vagal influ- 
ence on the sinus node. Those investigators also found 
no correlation between plasma norepinephrine levels 
and the absolute or relative power of the low-frequency 
spectral component in patients with CHF.!° 

Beta-adrenoreceptor down-regulation (frequently 
observed in CHF)?6 may also lead to an effective decou- 
pling of sympathetic nerve activity (as reflected by nor- 
epinephrine spillover) from end-organ response (as re- 
flected by measures of heart rate variability). Variabili- 
ty in the extent of 6-adrenoreceptor down-regulation 
and responsiveness between subjects needs to be consid- 
ered. . 

We also did not find a significant correlation be- 
tween the high-frequency component derived from pow- 
er spectral analysis of RR variability and the SD of RR 
intervals (over 24 hours, or during daytime or night- 
time). This finding is in accordance with the study of 


training. NS = not significant; 
other abbreviations as in Ta- 
bie I. 


HR s 


Bigger et al,’ which showed a very high correlation only 
among electrocardiographic measures of high-frequency 
heart rate variability, but a very weak correlation be- 
tween these measures and the SD of RR intervals, the 
only parameter that has been shown to predict sudden 
cardiac death after a myocardial infarction.? The SD of 
RR intervals may incorporate an effect of sympathetic 
activity that produces low-frequency heart rate varia- 
tions. In CHF, such variations may constitute a higher 
proportion of heart rate variability. The very good cor- 
relation found by Hayano et al?” between the time and 
frequency domain indexes of heart rate variability was 
assessed after eliminating sympathetic effects on the 
heart rate by 6 blockade. Furthermore, these findings 
were described in normal subjects with a wide range of 
autonomic function, whereas CHF is a condition with 
severe impairment of sympathovagal interactions and a 
narrower range of autonomic function. 

The confounding influence of the angiotensin-con- 
verting enzyme inhibitors and digitalis should be consid- 
ered in the interpretation of the data. Almost all pa- 
tients were receiving angiotensin-converting enzyme in- 
hibitors that have been suggested to increase vagal 
activity in CHE However, to our knowledge there 
are no additional studies that have examined the in- 
termethod correlations in patients without medication, 
which is mainly because of the importance of angioten- 
sin-converting enzyme inhibition in the management of 
moderate to severe CHF. Digitalis has been demon- 
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strated to produce early, marked and sustained reduc- 
tion in sympathetic nerve activity in patients with 
CHF,” but there were only 2 subjects receiving this 
agent in this study, rendering the number too small to 
determine the significance of digitalis in the correlations 
between the autonomic parameters. 

In this study, whole body norepinephrine spillover, 
power spectral analysis components of RR interval vari- 
ability, and the SD of RR intervals did not predict left 
ventricular ejection fraction, peak oxygen uptake and 
exercise tolerance. This is in agreement with previous 
studies**° and suggests that autonomic dysfunction 
alone may not be the primary limiting factor to exercise 
in these patients. 

Despite the improvement in all individual measures 
of autonomic control after training, reflecting beneficial 
changes in the autonomic balance or baroreflex-cardio- 
pulmonary receptor activity, or both, there was no cor- 
relation between the training-induced changes in those 
parameters (Figure 4), indicating the difficulty in ob- 
taining precise measures of autonomic function. The ab- 
sence of intermethod correlation leads to the conclusion 
that in CHF, individual measures of autonomic balance 
represent different aspects of circulatory control. There- 
fore, a comprehensive description of the autonomic sta- 
tus may necessitate a panel of complementary methods. 

Study limitations: The ischemic etiology of CHF in 
this group of patients does not enable us to extrapolate 
the findings of this study to patients with dilated cardio- 
myopathy or CHF secondary to either hypertension or 
valvular disease. 

Although by excluding from analysis patients who 
underwent coronary artery bypass surgery, the absence 
of correlation between different individual autonomic 
indexes remains, there is still the possibility that prior 
coronary artery surgery may have structurally damaged 
both afferent and efferent cardiac neural mechanisms. 

Almost all patients were receiving angiotensin-con- 
verting enzyme inhibitors that have been shown to in- 
crease vagal tone in CHF; therefore, the results pertain 
only to patients receiving these agents. In contrast, there 
were only 2 subjects receiving digitalis, which is too 
small a number to determine if digoxin may have af- 
fected our conclusions. 


Acknowledgment: We thank Jim Johnston for ex- 
pert technical assistance throughout the study. 
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Noninvasive Detection of Left Ventricular 
Diastolic Dysfunction Using M-Mode 
Echocardiography to Assess Left Ventricular 
Posterior Wall Kinetics in 
Hypertrophic Cardiomyopathy 
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Yuzo Hirota, MD, and Keishiro Kawamura, MD 


In patients with hypertrophic cardiomyopathy 
(HC), it is difficult to determine the severity of left 
ventricular (LV) diastolic dysfunction. Three dif- 
ferent patterns of LV posterior wall motion were 
found by M-mode echocardiography in patients 
with HC, and the use of these patterns is proposed 
as a new noninvasive index of the severity of LV 
diastolic dysfunction. M-mode echocardiograms 
were recorded prospectively from 35 patients with 
HC, and the posterior wall motion pattern in late 
systole and early diastole was classified into the 
following 3 types: (1) normal motion (n = 9); (2) 
flat motion — flat motion from late systole to ear- 
ly diastole, followed by rapid backward movement 
(n = 13); and (3) downward motion — slow back- 
ward movement from late systole (n = 13). There 
were no differences in the severity or type of hy- 
pertrophy, LV systolic function and pulsed Dopp- 
ler indexes of LV filling among these 3 groups. 
However, LV end-diastolic pressure was increased 
in the groups with flat (15 + 6 mm Hg) and down- 
ward (16 + 9 mm Hg) motion. Furthermore, the 
maximal rate of decrease in LV pressure (normal 
1,450 + 300, flat 1,250 + 300 and downward 
860 + 80 mm Hg/s) and the time constant of LV 
pressure reduction (normal 60 + 15, flat 70 + 25 
and downward 101 + 34 ms) showed a stepwise 
deterioration from the normal to the flat and then 
to the downward motion groups. 

Determination of the pattern of LV posterior 
wall motion appears to be useful for semiquantita- 
tively assessing the presence and severity of LV 
diastolic dysfunction in HC, especially during re- 
laxation and early diastolic filling. 

(Am J Cardiol 1992;70:1583-1588) 
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left ventricular (LV) diastolic dysfunction (i.e., im- 

paired relaxation and filling) has a major patho- 
physiologic role, together with reduced chamber com- 
pliance.!-8 These changes contribute to increased LV 
end-diastolic and left atrial pressures and thus to the 
development of cardiac symptoms,”!° a phenomenon 
widely known as diastolic cardiac failure. Thus, deter- 
mination of the severity of LV diastolic dysfunction has 
some important implications for the management of pa- 
tients with HC. Noninvasive evaluation of diastolic fill- 
ing can be performed with Doppler echocardiography, 
but this method is not always accurate, because LV 
filling dynamics are influenced by many factors.!!-!3 
Therefore, other conventional diastolic indexes are cur- 
rently being examined. 

Ventricular septal motion is generally flat through- 
out the entire cardiac cycle in patients with HC, but we 
previously noted 3 patterns of LV posterior wall move- 
ment during late systole and early diastole. In this 
study, we focused on these 3 patterns of LV free wall 
motion and assessed the relation between each type of 
posterior wall motion and various diastolic indexes. Fur- 
thermore, the mechanisms underlying these patterns 
were assessed by altering the loading conditions with an 
infusion of angiotensin II. 


if patients with hypertrophic cardiomyopathy (HC), 


METHODS 

Subjects: We studied 35 patients (28 men and 7 
women, aged 19 to 71 years, mean 45) with HC. All 
subjects had echocardiographic recordings of sufficient 
quality for analysis. The diagnosis of HC was estab- 
lished after a complete examination that included cardi- 
ac catheterization and echocardiography. Thirty-three 
patients were in normal sinus rhythm, and 2 were in 
atrial fibrillation. All patients were studied within 1 
week of diagnostic catheterization. Another 30 subjects 
(10 women and 20 men, aged 31 to 52 years, mean 40) 
without heart disease served as normal controls. 

Left ventricular posterior wall motion patterns: 
Based on the observation of late systolic to early diastol- 
ic LV posterior wall motion using M-mode echocardi- 
ography, the 35 patients were divided into 3 groups 
(Figure 1). In the normal motion group (n = 9), the 
posterior wall showed its peak upward motion at or im- 
mediately before the second heart sound on the simulta- 
neously recorded phonocardiogram (end-systole), fol- 
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lowed by rapid downward motion during the early fill- 
ing phase. In the flat motion group (n= 13), peak 
upward motion occurred before the second heart sound, 
and posterior wall motion ceased during late systole 
and early diastole, followed by rapid downward motion 
during early filling. In the downward motion group 
(n = 13), peak upward motion occurred before the sec- 
ond heart sound, and the posterior wall showed continu- 
ous, slow, downward movement during late systole and 
early filling. 

y: M-mode echocardiograms were 
recorded as 2-dimensional images with a 3.75 MHz 
transducer using Toshiba SSH-60A or SSH-160A ap- 
paratus. In all cases, the examination was performed 
with the patient in the left lateral decubitus position and 
with simultaneous recording of the electrocardiogram 
and phonocardiogram. LV end-diastolic and end-systol- 
ic dimensions (Dd and Ds) and the thickness of the ven- 
tricular septum and posterior wall at end-diastole were 
measured according to the recommendations of the 
American Society of Echocardiography.!* LV fractional 
shortening was then calculated as: Dd — Ds/Dd (%). 

Doppler ultrasound examination was performed us- 
ing a 2-dimensional imaging system with simultaneous 
pulsed-wave Doppler echocardiography (the transducer 
frequency was 2.5 MHz for both procedures). After an 
apical 4-chamber view of the heart that provided good 
visualization of the LV cavity and maximal excursion of 
the mitral valve leaflets was obtained, transmitral flow 
velocity was recorded at the level of the mitral annulus. 
The peak velocity of transmitral flow in early diastole 
(E) and at atrial contraction (A) was measured for 6 to 
10 cardiac cycles during breath-holding at end-tidal vol- 
ume. Then, the ratio of peak velocity at early filling to 
that at atrial contraction (E/A ratio) was calculated for 
the 33 subjects in normal sinus rhythm. 

Cardiac catheterization: Catheterization was per- 
formed by the brachial or femoral approach, with the 
patient fasting after oral premedication with 5 mg of 
diazepam, and all medications were withheld for 10 to 
16 hours before the procedure. Pressures were measured 
using a catheter-tip manometer system (Millar). LV 
end-diastolic pressure (mm Hg), the maximal rate of 
decrease in LV pressure (peak negative dP/dt), and the 
time constant of the LV pressure reduction during iso- 
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volumic relaxation (T) were calculated as reported pre- 
viously.!° 

Effect of angiotensin Il: In some patients with ad- 
vanced HC, we have found that the LV posterior wall 
motion changes from downward or flat to normal as LV 
chamber size increases. To evaluate the mechanisms un- 
derlying these changes, we examined wall motion by al- 
tering loading conditions in 11 subjects (1 in the normal 
motion group, 2 in the flat motion group, and 8 in the 
downward motion group) who gave written, informed 
consent to the procedure. After withholding all cardiac 
drugs for 24 hours before the study, LV echocardio- 
grams were recorded in the control state and after infu- 
sion of angiotensin II. Angiotensin II was infused intra- 
venously (2.5 mg in 500 ml of normal saline solution), 
and systolic blood pressure (cuff method) was main- 
tained at 30 mm Hg greater than the resting level.!6 
Standard echocardiograms were obtained before and af- 
ter infusion of angiotensin II using the aforementioned 
method. 

Statistical analysis: All results are expressed as 
mean + SD. First, we performed analysis of variance 
and then we used Scheffé’s multiple comparison method 
to compare the data among the 3 HC groups and nor- 
mal control subjects. A paired Student’s t test was used 
for the comparison of data obtained before and after 
attenuation of afterload with the angiotensin II infusion. 
Statistical significance was defined at p <0.05. 


RESULTS 

Clinical profile (Table I): The downward motion 
group were all men, but there was no significant differ- 
ence in the gender distribution of the other 2 groups. 
The downward motion group was younger than the flat 
motion group. However, there were no differences in the 
distribution of LV outflow obstruction or mitral regur- 
gitation among the 3 groups. There were 6 patients who 
were in New York Heart Association class III or IV, 4 
of whom were in the downward motion group; the other 
patients were in class I or II. 

Echocardiography: LV dimensions, wall thickness at 
end-diastole, and LV fractional shortening did not differ 
among the 3 groups with HC (Table II). Furthermore, 
the Doppler parameters of transmitral flow showed no 
differences among the 3 groups (Table II). 


FIGURE 1. Patterns of left ventricular 
(LV) posterior wall (PW) motion in patients 
with hypertrophic cardiomyopathy. Based 
on M-mode echocardiograms obtained in 
late systole to early diastole, left ventricu- 
lar PW kinetics were divided into 3 pat- 
terns. Left, normal motion pattern showed 
peak upward motion at time of or a little 
before second heart sound. Center, flat 
motion pattern involved no PW motion 
during late systole and early diastole, fol- 
lowed by rapid downward motion in early 
filling phase. Right, downward motion 
pattern revealed slow downward motion in 
late systole and early filling phase. 

ECG = electrocardiogram; IVS = interven- 
tricular septum; PCG = phonocardiogram. 
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Catheterization data (Table Ill): LV end-diastolic 
pressure was increased in the downward and flat motion 
groups compared with in normal control subjects, and 
the pressure in the normal motion group was situated in 
between them. Peak negative dP/dt was lower, and T 
was significantly longer in all 3 HC groups than in nor- 
mal control subjects, and these impairments were most 
severe in the downward motion group. 

Angiotensin Il study (Table IV): The echocardio- 
graphic data are listed in Table IV. After infusion of 
angiotensin II, LV end-diastolic and end-systolic dimen- 
sions were increased, whereas LV fractional shortening 
was significantly decreased. However, heart rate did not 
change significantly. Among the 8 patients tested in the 
downward motion group, posterior wall motion changed 
to the flat pattern in 4 and was normalized in 4. In the 2 
patients from the flat motion group, it was normalized, 
whereas the 1 tested from the normal motion group 
showed no change (Figure 2). Among the downward 
motion group, LV end-diastolic pressure was slightly 
more increased in the 4 patients (14, 16, 20 and 35 mm 
Hg, respectively) whose posterior wall motion changed 
to the flat pattern after angiotensin II infusion than in 
the other 4 (7, 8, 11 and 13 mm Hg, respectively; p 


<0.10) with normalized wall motion. With regard to 
transmitral flow, the E wave was augmented, and the A 
wave was diminished by infusion of angiotensin II. 

A representative patient in whom LV posterior wall 
motion changed from flat to normal is shown in Figure 
3. In regard to transmitral flow, the E wave increased 
and the A wave decreased after infusion of angiotensin 
II (Figure 4), with these alterations being suggestive of 
pseudonormalization. 


TABLE | Clinical Profile of Study Subjects 


Hypertrophic Cardiomyopathy 


Flat 
Motion 


Downward 
Motion 


Normal 


Motion Control 


No. of pts. 9 13 13 30 
Age (year) 452 10' 48213 39211 46+6 
Men/women 5/4 10/3 13/0 20/10 
NYHA class LJ 8 12 9 

III—IV l 1 4 
Heart rate (beats/min) 65213 58:+7 59+10 69211 
LV outflow obstruction (P) 7 6 (2) 4 (2) 0 
Mitral regurgitation 2 5 4 0 


Data are mean + SD. 
LV = left ventricular; NYHA = New York Heart Association; P = with provocation. 





TABLE II Echocardiographic Parameters 


Hypertrophic Cardiomyopathy 


Normal 
Motion 


Thickness (cm) 
Septal wall 
Free wall 
LV dimensions (cm) 
End-diastole 
End-systole 
Fractional shortening (%) 
Transmitral flow velocity (cm/s) 
Early diastole (E) 
Atrial contraction (A) 


1.7 + 0.4* 
ra Sie 


4.3.+ 0:2* 
2.6 + 0.3* 
40+6 


56+ 16 
57 + 23 


Flat 
Motion 


2.0405% 
1.4 + 0.3* 


4.2 + 0.6% 
2.3 + 0.5* 
46 + 6* 


62 + 18 
66 + 26 


Downward 
Motion 


2.0 + 0.4* 
V2 = Oi2* 


4.2 + 0.5* 
2.6 + 0.6* 
41+8 


50+ 14 
52+ 2/7 


Control 


0.8 + 0.1 
0.8+0.1 


48+0.4 
3.0 + 0.4 
38 +5 


60 +9 
53+ 9 


E/A ratio 


*p <0.01 versus control. 
LV = left ventricular. 


1.04 + 0.31 0.99 + 0.22 1.16 £0.50 >. 4.126'0:18 


TABLE Wil Cardiac Catheterization Data 


Hypertrophic Cardiomyopathy 


Normal 
Motion 


Flat 
Motion 


Downward 


Motion Control 


LVEDP (mm Hg) 
—dP/dt (mm Hg/s) 
T (ms) 


LVEDP 
Versus control 
—dP/dt 
Versus control p <0.001 
Versus normal NS 
Versus flat — 
` 
Versus control p <0.001 
Versus normal NS 
Versus flat — 


11+4 
1,450 + 300 
60 + 15 


15+6 
1,250 + 300 
70 + 25 


1,864 + 390 
33+8 


p <0.01 


p <0.001 
p <0.001 
p <0.01 


p <0.001 
p <0.001 
p <0.01 


_— dP/dt = maximal rate of left ventricular pressure reduction; LVEDP = left ventricular end-diastolic pressure; NS = not 
significant; T = time constant of left ventricular pressure reduction during isovolumic relaxation. 
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DISCUSSION 

HC is thought to produce diastolic dysfunction that 
is characterized by impaired LV relaxation and reduced 
LV compliance.'* This was confirmed by the findings 
of a prolonged isovolumic relaxation period, a reduced 
peak negative dP/dt, a prolonged T, and increased LV 
chamber and muscle stiffness constants.!~®!7!8 Fur- 
thermore, impaired early diastolic filling in HC has 
been confirmed by many other investigators using vari- 
ous methods such as cineangiography, M-mode and 
Doppler echocardiography, and radionuclide angiogra- 
phy.'-8.!7,!8 Recent studies emphasized the importance 


Flat 
motion 


Downward 
motion 


(8) 


Normal 


before motion 


Angiotensin 2 


infusion 


Downward 
motion motion 


(7) (0) 


FIGURE 2. Changes in left ventricular posterior wall motion 
with infusion of angiotensin 2. After infusion, downward mo- 
tion changed to flat or normal, and flat motion to normal. Nor- 
mal motion was not altered by angiotensin 2. 
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FIGURE 3. M-mode echocardiograms obtained before and af- 
ter infusion of angiotensin 2 in representative case. After infu- 
sion, left ventricular end-systolic dimension was markedly in- 
creased, and posterior wall motion changed from flat to nor- 
mal (systolic/diastolic blood pressures were 106/56 mm Hg 
before and 120/58 mm Hg after infusion). 
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of LV diastolic function in the development of symp- 
toms in patients with HC.*!° Thus, evaluation of the 
LV diastolic properties and their alterations during fol- 
low-up is very important in the management of these 
patients. 


TABLE IV Clinical Data on Angiotensin 2 Studies 


Control Angiotensin2 pValue 


Blood pressure (mm Hg) 
Systolic 
Diastolic 
Heart rate (beats/min) 
LV dimensions (cm) 
End-diastole 
End-systole 
Fractional shortening (%) 
Transmitral flow velocity 
(cm/s) 
Early diastole 0.44 + 0.08 0.50+0.09 p <0.01 
Atrial contraction 0.49 + 0.18 0.34+0.15 p <0.05 


LV = left ventricular; NS = not significant. 


after 


108 + 13 
63 +12 
bb +12 


138 + 18 p <0.001 
83 + 14 p <0.001 
53 +9 NS 


44+0.5 
2.6+0.5 
ak Sg 


4.5+0.5 
3.0+ 0.5 
34+7 


p <0.01 
p <0.001 
p <0.01 
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FIGURE 4. Doppler echocardiograms of transmitral flow ob- 
tained before and after infusion of angiotensin 2 in same pa- 
tient as in Figure 3. After infusion, peak velocity of transmitral 
flow in earty diastole increased, and peak velocity at atrial 
contraction decreased. These alterations suggested pseudo- 
normalization of transmitral flow velocity pattern. K 


DECEMBER 15, 1992 


Doppler echocardiography is generally thought to be 
the most reliable method for evaluating LV diastolic 
dysfunction.’:!92! However, recent studies indicated a 
number of problems with this method.'!-!3 For exam- 
ple, although the E wave is reduced and the A wave is 
increased in patients with mild to moderate LV diastolic 
dysfunction, the E wave is augmented together with re- 
duction of the A wave in severe diastolic dysfunction, 
and this phenomenon is known as pseudonormalization 
of the transmitral flow velocity pattern.'? Therefore, we 
investigated the value of other conventional parameters 
for assessing LV diastolic dysfunction. 

It has been reported that analysis of LV posterior 
wall motion is useful for assessing LV filling distur- 
bance and that diastolic changes of the wall slope are 
delayed in HC.?? However, no investigator previously 
assessed the severity of LV diastolic dysfunction using 
LV posterior wall kinetics in patients with HC. There 
appears to be no gold standard among the invasive or 
noninvasive indexes of LV diastolic function. However, 
for this study we selected invasive indexes of LV relaxa- 
tion (peak negative dP/dt and T) for comparison with 
the wall motion pattern, because the abnormalities of 
wall motion were mainly detected in this phase. Cathe- 
terization data showed that LV relaxation was relatively 
well-preserved in the normal motion group, moderately 
disturbed in the flat motion group, and most severely 
disturbed in the downward motion group. Thus, this 
study indicates that the LV posterior wall kinetics dem- 
onstrated by standard M-mode echocardiography pro- 
vide a useful semiquantitative indicator of the severity 
of LV diastolic dysfunction in HC. 

It has been demonstrated by various investiga- 
tors that systolic wall stress is markedly reduced in 
HC.®324 In 1982, we reported a patient with nonob- 
structive HC in whom LV contraction ceased during 
mid- to late systole and suggested that afterload may 
have been markedly decreased due to the presence of a 
hypertrophied left ventricle with a small cavity size. 
Furthermore, Brutsaert et al? have shown that LV re- 
laxation was significantly dependent on the loading con- 
ditions. Hausdorf et al?’ reported that when patients 
with nonobstructive HC were given an infusion of an- 
giotensin II to increase afterload, improvement of early 
diastolic function was observed in M-mode echocardio- 
grams. This phenomenon suggested that the impair- 
ment of relaxation in HC could be partly due to re- 
duced wall stress and that an increase in afterload does 
not produce normal diastolic function. Moreover, we 
previously noted a normalization of LV posterior wall 
motion in patients with advanced HC. Therefore, we 
infused angiotensin II into 11 subjects in the present 
study. After infusion of angiotensin II, the wall motion 
pattern shifted from downward to flat in 4 patients, 
from downward to normal in 4 and from flat to normal 
in 2. However, the patient with a normal motion pattern 
before infusion did not have any change after infusion 
of angiotensin. In regard to transmitral flow, the E wave 
increased and the A wave decreased after infusion of 
angiotensin II, but these changes were not related to the 
wall motion pattern. Accumulated evidence suggests 


that transmitral flow is affected by the loading condi- 
tions and that a flow pattern suggestive of a stiff ventri- 
cle occasionally undergoes pseudonormalization after an 
increase in left atrial pressure.!? Ishida et al?° have re- 
ported that the most important determinant of early 
diastolic transmitral flow is left atrial pressure. Our 
data on the changes in wall motion after infusion of 
angiotensin II can be interpreted as resulting from the 
increase in LV end-systolic volume and preload. Ac- 
cordingly, this phenomenon appears to be the same as 
that observed by Presti et al!? and has been designated 
as “pseudonormalization.” However, we found that the 
pseudonormalization of wall motion with a change in 
loading conditions varied slightly according to the level 
of preload in contrast to the alterations in the transmi- 
tral flow pattern. Therefore, when assessing LV wall 
motion we can distinguish between pseudonormalization 
and true normal motion by simultaneously evaluating 
LV dimensions and ejection dynamics, and blood pres- 
sure. This enables the changes of filling pressure and 
the time constant to be followed simultaneously with 
changes in the wall motion pattern. 

Clinical implications: We conclude that determina- 
tion of the pattern of LV posterior wall motion by M- 
mode echocardiography is a useful, conventional meth- 
od for assessing the presence and severity of LV diastol- 
ic dysfunction, especially in the relaxation and early 
diastolic filling phases. However, interpretation should 
be performed cautiously in patients with severe heart 
failure due to diastolic dysfunction, because posterior 
wall motion may demonstrate pseudonormalization with 
the increase of either afterload or preload. 
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Right Ventricular Dysplasia 
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Fifteen patients with right ventricular dysplasia 


were investigated by T1-weighted spin- and gradi- 
ent-echo pulse sequences, using a protocol that 
enabled both a subjective analysis of myocardial 
signal intensity and a quantitative/qualitative anal- 
ysis of right and left ventricular function. In 8 pa- 
tients, 3 investigators independently recognized 
abnormally hyperintense areas in the anatomic 
sites usually affected by the disease. In 7 of these 
patients, these areas showed an overlap with a- 
dyskinetic areas imaged by both magnetic reso- 
nance imaging (MRI) and echocardiography. In 1 
patient who underwent a cardiac transplant, MRI 
of the explanted heart showed an excellent corre- 
lation between the distribution of the lesions and 
the in vivo/in vitro features. The data were com- 
pared with those from an equivalent sample of pa- 
tients affected by dilated cardiomyopathy. In the 
latter patients, no focal hyperintensities were at- 
tributed to any anatomic sites in the right ventri- 
cle, and no focal a-dyskinetic foci were observed. 
Furthermore, the 2 groups of patients were signif- 
icantly different in regard to dimensional and 
functional quantitative parameters. The results 
suggest that MRI is useful in integrating echocar- 
diographic data and can be helpful in diagnosing 
this disease in late stages. 

(Am J Cardiol 1992;70:1589-1595) 
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of unknown cause, anatomically characterized 

by partial or extensive atrophy of the RV myo- 
cardium with adipose or fibro-adipose substitution.'? 
This disease frequently has a genetic background and 
manifests clinically with ventricular arrhythmias, usual- 
ly of the left bundle branch block morphology, or more 
rarely with congestive heart failure.’ In some cases, left 
ventricular involvement, sometimes progressive, has 
been observed 27 The diagnosis is usually obtained by 
2-dimensional echocardiography and ventricular angi- 
ography that show the presence of asynergic RV 
bulges.6-8 There are uncertainties concerning the diag- 
nostic criteria of RV dysplasia, and the sensitivity and 
specificity of these techniques.*? Magnetic resonance 
imaging (MRI) can be used to study RV function and 
the structure of the myocardium. Gradient-echo pulse 
sequences have been used to assess global and local ki- 
netics!™!3 and to quantify RV function.!? T1-weighted 
spin-echo pulse sequences that are very sensitive to the 
presence of fat have been used in a few cases of RV 
dysplasia to assess the adipose substitution of myocardi- 
um, which is an important landmark of the disease.!4!5 
This study analyzes MRI findings in a series of patients 
with RV dysplasia who were studied prospectively. 
MRI findings were compared with echocardiographic 
data. Furthermore, the specificity of MRI was tested by 
comparing the findings of RV dysplasia with those of a 
series of patients with dilated cardiomyopathy who were 
also studied prospectively. 


R= ventricular (RV) dysplasia is a heart disease 


METHODS 

RV dysplasia was diagnosed in 15 patients (8 men 
and 7 women mean age 39 + 10 years) when 2-dimen- 
sional echocardiography or RV angiography, or both, 
showed the presence of RV abnormalities, localized 
(akinetic or dyskinetic bulges) or diffuse (global dilata- 
tion or hypokinesia), in the absence of any other identi- 
fiable structural heart or pulmonary disease.'® More- 
over, in 5 patients minor left ventricular abnormalities 
were also present. Clinical, echocardiographic and he- 
modynamic data of these patients were published in a 
previous report? 

Dilated cardiomyopathy was diagnosed, according to 
the currently used criteria,!’ in the presence of dilata- 
tion and depression of the systolic function of the left or 
both ventricles in the absence of any etiologic factor. 

Magnetic resonance imaging examinations: Two 
sets of images were obtained using a 1.5 T unit (Philips 
Gyroscan S15 with cardiac software version 5.5). 

MORPHOLOGIC EXAMINATION: A spin-echo T1-weight- 
ed multislice scan was used to image the heart from its 


MRI IN RIGHT VENTRICULAR DYSPLASIA 1589 


TABLE | Magnetic Resonance Morphologic (spin-echo) Images 


Right Ventricle 


Segment 
Analyzed 


Agreement 


of Observers N A E/I 


Left Ventricle 


Segment 
Analyzed 


Agreement 


Group 1 (RV dysplasia): 15 Patients 


12 


Subtricuspid 
Apex 

RV outflow 
Free wall 


Right Ventricle 


Segment 
Analyzed 


Agreement 


Subtricuspid 
Apex 

RV outflow 
Free wall 


of Observers N E/I 


of Observers N A E/I 
1 1 


Left Ventricle 


Segment 
Analyzed 


Agreement 
of Observers N A E/I 


Apex 
Septum 14 
Free wall 13 


A = abnormal; E/! = equivocal/inadequate; N = normokinetic; RV = right ventricular. 


vascular peduncle to the diaphragm. Seven to 8 trans- 
verse slices were obtained; when possible, the slices pass- 
ing through the sites affected by RV dysplasia were im- 
aged in early diastole. The repetition time, and there- 
fore the T1 contrast in the images, was dependent on 
heart beat interval. The other technical parameters 
were 20 ms echo time, 192 X 256 acquisition matrix, 2 
excitations, and slice thickness ranging from 5 to 8 mm 
with a slice gap of 10%. 

FUNCTIONAL EXAMINATION: (1) Three orientation 
scans (on sagittal, coronal and axial planes) were ob- 
tained to find the orientation of the 2 cardiac axes. We 
used gradient-echo pulse sequences with repetition time 
related to heart beat interval, 10 ms echo time, 65° flip 
angle, 128 X 128 acquisition matrix, 1 excitation, and 7 
slices of 8 mm thickness. 

(2) A multislice long-axis double-angulated scan (4- 
chamber views) was planned on the basis of sagittal and 
coronal orientation views. Three slices were obtained in 
the plane passing through the atrioventricular valve and 
the apex of the heart. Fourteen to 16 frames/cardiac 
cycle were imaged in each slice accordingly with heart 
beat interval; the repetition time was also dependent on 
heart beat interval, and other parameters were 12.5 to 
13.9 ms of echo time, 30° flip angle, 128 X 128 acquisi- 
tion matrix, 2 excitations, and 3 contiguous slices of 7 
mm thickness. 

(3) A multislice short-axis double-angulated scan 
was planned by using the coronal and axial orientation 
views. To cover both ventricular cavities, 7 to 8 planes 
orthogonal to the ventricular septum were obtained. Be- 
cause of the larger number of requested slices, the 
frames of this multiphase acquisition were reduced to 
12 to 14/cycle. To include the entire ventricles (some- 





times very dilated) in the scan volume, slice thickness 
was increased up to 10 to 11 mm. 

Data analysis: MORPHOLOGIC ANALYSIS (SPIN-ECHO IM- 
AGES): Three expert observers who were unaware of the 
cardiologic diagnoses independently evaluated all T1- 
weighted spin-echo images. Data were considered for 
analysis when there was an agreement of 22 observers. 
Four sites in the right ventricle (subtricuspid, apex, out- 
flow and free wall), as well as 3 sites in the left ventricle 
(apex, septum and free wall), were scored on the basis 
of a subjective evaluation of signal intensity, and the 
images were associated with 1 of the following catego- 
ries: (1) normal = medium homogeneous signal intensi- 
ty of the myocardial wall in both ventricles; (2) abnor- ` 
mal = hyperintense areas with signal intensity close to 
pericardial or subcutaneous fat extending from epicardi- 
um to myocardium in the right or left ventricle, or both, 
or nonvisualized myocardial layer in the right ventricle; 
or (3) equivocal or inadequate = equivocal or inade- 
quate findings due to the impossibility of differentiating 
hyperintense areas from artifacts in phase encoding di- 
rection. 

FUNCTIONAL ANALYSIS (GRADIENT-ECHO IMAGES): For 
each patient, left and right end-diastolic and end-systol- 
ic volumes, and ejection fractions were calculated by ap- 
plying a validated procedure to the multiphase im- 
ages.!9!3,18 The short-axis images and “Simpson’s rule” 
were chosen for this purpose. 

Furthermore, we measured the left ventricular longi- 
tudinal and transverse diameters and their ratio, as well 
as the maximal diameter of the RV outflow tract. 

Regional wall motion of both ventricles was semi- 
quantitatively assessed by using cineloop simulation in 
both the true long and short axes; 2 expert observers 
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separately assigned a score to the echocardiographic 
(BP) and MRI (CR) findings ranging from 1 to 3 
(1 = normokinetic; 2 = hypokinetic; and 3 = akinetic or 
diskinetic). This evaluation involved the same anatomic 
sites previously mentioned concerning spin-echo images. 

The difference between the 2 groups of patients was 
evaluated by Student’s ¢ test. Mean values, SD and p 
value were calculated for each quantitative parameter, 
and significance was established at p <0.05. 

Anatomic correlations: One patient with RV dyspla- 
sia underwent cardiac transplantation 4 months after 
the MRI examination, and the native heart was avail- 
able to be imaged. A standard spin-echo pulse sequence, 
with echo and repetition times close to those used for 
the in vivo examination, was used to image the heart 
along its longitudinal and axial axes. The surgical speci- 
men was then sliced for a direct comparison with MRI. 


RESULTS 

Morphologic analysis (spin-echo images): A de- 
tailed list of results is shown in Table I. 

RIGHT VENTRICLE: In patients with RV dysplasia 
(group 1), an abnormal pattern was recognized in 8 pa- 
tients (apex or free wall, or both, in 6 cases; and RV 
outflow tract and subtricuspid area in 4 and 2, respec- 
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FIGURE 1. Spin-echo images in case of right ventricular dysplasia. Four axial slices in which high signal intensity, presumably 
OEN E (arrowheads) to endocardium in subtricuspid area, apex and right ven- 
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tively [Figure 1]). In patients with dilated cardiomyopa- 
thy (group 2), no anatomic site was considered abnor- 
mal by >1 observer. 

LEFT VENTRICLE: In patients with RV dysplasia, ab- 
normal areas were identified in 5 patients (apex and 
free wall in 1 case each; septum in 4). 

In patients with dilated cardiomyopathy an abnor- 
mal pattern was seen in only 3 patients (apex, septum 
and free wall in 1 case each; septum and free wall in 2 
cases). 

Functional analysis (gradient-echo images): Table 
II shows the quantitative functional data of the 2 ventri- 
cles obtained by MRI in patients with RV dysplasia 
(group 1) and dilated cardiomyopathy (group 2). Group 
1 had a significantly larger RV volume and diameter of 
outflow tract. Conversely, group 2 had a significantly 
larger left ventricular volume associated with long- 
axis/short-axis ratio and decreased ejection fraction. 

Table III summarizes the results of wall kinetics 
evaluation by MRI and echocardiography in the 2 
groups of patients. 

RIGHT VENTRICLE: In group 1, a-dyskinetic areas were 
recognized by both MRI and echocardiography in 11 
patients along 34 anatomic sites. They were mainly lo- 
cated in the subtricuspid area and at the apex. In 9 ad- 
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ditional sites, these abnormalities were detected by 
MRI only. On the contrary, in group 2 no a-dyskinetic 
areas were observed by both imaging modalities. 

LEFT VENTRICLE: In 2 patients of group 1 only, a-dys- 
kinetic foci were observed in the apex (n = 2) and sep- 
tum (n= 1). 

In 7 patients of group 1, the 17 abnormally hyperin- 
tense areas observed in spin-echo images matched the 
location of the a-dyskinetic areas observed in gradient- 
echo images. The spatial distribution of such abnormali- 
ties is represented in Figure 2. 


TABLE If Magnetic Resonance Functional! (gradient-echo) 
Images 






Group 2 
Group 1 (dilated 
(RV dysplasia) cardiomyopathy) 
(mean + SD) (mean + SD) p Value 






















RV end-diastolic volume 140+ 46 105 + 39 <0.03 
(ml) 

Left ventricular end- 
diastolic volume (ml) 

RV ejection fraction (%) 

Left ventricular ejection 
fraction (%) 

Left ventricular longitu- 
dinal diameter in di- 
astole (mm) 

Left ventricular transver- 
sal diameter in dias- 
tole (mm) 

Longitudinal to transver- 
sal left ventricular 
diameter in diastole 
ratio 

RV outflow tract diame- 


ter in diastole (mm) 


117 + 24 229 + 106 <0.001 


307 ER NS 
SEA <0.0001 


89 +8 96 + 10 <0.03 


47+5 <0.0001 


1.9+0.2 <0.0001 


2L E7 <0.0001 
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of Observers A/D 


Subtricuspid 
Apex 

RV outflow 
Free wall 


Right Ventricle 


Segment 
Analyzed 


Agreement 


of Observers A/D 


Subtricuspid 
Apex 

RV outflow 
Free wall 


Anatomic correlation: In the in vivo examination of 
the patient who underwent transplantation, all 4 regions 
of the right ventricle were found to be abnormal; fur- 
thermore, the free wall and apex of the left ventricle 
also showed some hyperintensities due to thick epicardi- — 
al fat spreading into the myocardial wall. This fatty tis- 
sue was Clearly visible in the MRI scan of the explanted 
heart, as well as in the anatomic specimen, and its dis- 
tribution in the in vivo scan correlated well with the 
feature of the specimen (Figure 3). 





FIGURE 2. Overlapping between a-dyskinetic foci (A-D) and 
areas of abnormally high signal intensity (A). Hatched circle 
corresponds to right ventricular outflow tract. LV = left ventri- 
cle; RV = right ventricle; * observer agreement (each of 15 
images). 


Left Ventricle 


Segment 
Analyzed 


Agreement 
of Observers 


Left Ventricle 


Segment 
Analyzed 


Agreement 
of Observers 


Apex 
Septum 
Free wall 


A/D = a-dyskinetic; H = hypokinetic; N = normokinetic; RV = right ventricular. 





1592 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 DECEMBER 15, 1992 


CS 


eg 
bi ile Wi 


IS 
a — 


(LM ia 
DER 





E SEI? UD d 


FIGURE 3. A and B, 2 contiguous slices from set of spin-echo axial images in case of right ventricular dysplasia. Note signal 
from fat in right ventricular wall, as well as in free wall and apex of left ventricle (arrows). C, magnetic resonance imaging longi- 
tudinal scan of explanted heart, and D, anatomic specimen of same heart longitudinally cut along magnetic resonance imaging 
scan plane. Note correlation in fatty area distribution between D, and A, B and C. 





FIGURE 4. A, case of right ventricular dysplasia. Axial spin-echo image shows thin and hyperintense wall of right ventricle. No 
artifacts in phase encoding direction are seen; window and level of image were adjusted on basis of left myocardial wall intensi- 
ty. B, case of dilated cardiomyopathy. Analogous axial plane shows thinned myocardial wall in both ventricles. Signal intensities 


of right and left ventricles are similar. 
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DISCUSSION 

At present, RV dysplasia can be diagnosed or 
strongly suspected when the presence of akinetic or dys- 
kinetic bulges in the RV wall is found by echocardiogra- 
phy or ventricular angiography, or both.!? However, the 
fibro-fatty replacement of the myocardial wall that is 
the specific anatomic substrate of the disease cannot be 
demonstrated with these diagnostic techniques. Endo- 
myocardial biopsy is the only method able to prove the 
presence of fat.?°2! However, its usefulness is controver- 
sial; for safety reasons, the biopsy samples should usual- 
ly be obtained from the septum (usually spared by the 
adipose infiltration), rather than from the regions af- 
fected by the disease where the myocardial wall may be 
very thin and the risk of perforation higher. Further- 
more, a small amount of fat can be present in normal 
hearts,?°,2223 and quantitative criteria for diagnosis of 
the disease are not defined. 

MRI, by means of spin-echo T1-weighted pulse se- 
quences, is able to differentiate the high signal intensity 
of fat from other medium intense tissues, such as mus- 
cle. Other sequences that allow specific enhancement or 
suppression of fat signal were not available in our scan- 
ner. We used a standard spin-echo sequence in which 
the repetition time, and therefore the T1 contrast, could 
change according to the heart rate of patients. More- 
over, the slice thickness had to be adjusted in each case 
to the size of the heart and to the number of slices al- 
lowed by the repetition time, thus making the possible 
contribution of fat signal to the total signal of the image 
variable. Additional problems may be found in evaluat- 
ing the signal intensity of RV walls that are very thin 
and therefore may be undistinguishable from artifacts 
and adjacent blood. This is particularly true at the apex 
and subtricuspid region that cannot always be sharply 
demarcated from the atrioventricular sulcus that is usu- 
ally rich in adipose tissue. 

Despite all these limitations, much data support the 
results from the subjective evaluations of spin-echo im- 
ages: (1) the high rate of agreement among the 3 ob- 
servers (80% in RV dysplasia, and 88% in dilated car- 
diomyopathy), (2) abnormally hyperintense RV areas 
were frequent in RV dysplasia, but never observed in 
dilated cardiomyopathy (Figure 4), (3) the good corre- 
lation between the distribution of fat in the anatomic 
specimen and in vivo/in vitro MRI (Figure 3), and (4) 
the frequent overlapping between the abnormal areas in 
spin-echo images and the asynergic areas in functional 
images. 

In regard to functional images, it is well known that 
the gradient-echo pulse sequence enables both an evalu- 
ation of global and local kinetics, and a quantitative 
evaluation of ventricular function.!®!3-18 For these pur- 
poses, we decided to use double-angulated scans to re- 
produce the true long- and short-axis scans that are usu- 
ally performed in these patients during a 2-dimensional 
echocardiographic examination. 

Although MRI and echocardiographic images are 
not strictly comparable because of differences in slice 
thickness, frame rate and angulation of the scan planes, 
there was a high percentage of images in which the 2 
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techniques agreed in their evaluation (88.5% in RV dys- 
plasia, and 84% in dilated cardiomyopathy). Because 
these abnormalities were detected more frequently by 
MRI than by echocardiography, the former imaging 
modality may be more sensitive in detecting a-dyski- 
netic RV areas in patients with RV dysplasia. 

A-diskinetic areas were observed more frequently 
than areas with an abnormally hyperintense signal, es- 
pecially at the apex and subtricuspid area. This disso- 
ciation could be explained by the fact that the presence 
of systolic bulges is not necessarily related to a pure 
fatty infiltration; a mixture of fatty and fibrous tissues, 
when present, should theoretically provide a signal of 
lower intensity. 

In addition to the kinetic evaluation, the functional 
images enabled us to quantify RV and left ventricular 
function, as well as some dimensional parameters. As 
was partly expected, RV dysplasia cases were character- 
ized by large RV end-diastolic volumes, decreased RV 
ejection fractions, large RV outflow tracts and an ellip- 
soid-shaped left ventricle. The data are more specific 
when they are compared with those of patients with di- 
lated cardiomyopathy in whom the left ventricle has sig- 
nificantly larger end-diastolic volumes, reduced ejection 
fractions and a trend toward a more spherical shape. 

The significance of our observation is not merely 
speculative, because there are uncertainties in differenti- 
ating these cardiomyopathies, especially in the late 
stage of RV dysplasia when a left ventricular involve- 
ment is possible 22) 
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Accelerated coronary artery disease is the most 
serious obstacle to long-term survival in cardiac 
transplant recipients. Lipid abnormalities are 
found frequently in these patients, and there is 
growing evidence that even minimally increased 
levels of cholesterol and triglycerides contribute to 
the development of accelerated coronary artery 
disease. However, the optimal lipid-lowering ther- 
apy after cardiac transplantation has not been de- 
fined. In an open, randomized study, the efficacy 
and safety of bezafibrate (400 mg/day) and fish 
oil (Maxepa) (10 g/day) for 3 months were com- 
pared in 87 cardiac transplant recipients with se- 
rum total cholesterol >6.5 or triglycerides >2.8 
mmol/liter, or both. After 1 month, bezafibrate re- 
duced total cholesterol by 13%, low-density lipo- 
protein cholesterol by 20% and apolipoprotein B 
by 13%. It also increased apolipoprotein A1 and 
high-density lipoprotein cholesterol by 12 and 
20%, respectively, and significantly reduced fi- 
brinogen at 3 months. Maxepa had no significant 
effect on these variables, but was as effective as 
bezafibrate in reducing triglycerides (36 and 31%, 
respectively). Both drugs increased lipoprotein (a) 
to a similar extent, and bezafibrate significantly 
increased serum creatinine. These results suggest 
that bezafibrate has better lipid-, apolipoprotein- 
and hemostatic modifying properties than does 
Maxepa, but its potentially adverse effect on renal 
function needs further investigation. 

(Am J Cardiol 1992;70:1596-1601) 
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disease in the transplanted heart is the most seri- 

ous long-term complication of transplantation.!~? 
Lipid and lipoprotein abnormalities are found frequent- 
ly in recipients of cardiac transplantation,*~’ and higher 
concentrations of both serum cholesterol and triglycer- 
ides are strongly associated with and also predictive of 
an increased risk of coronary artery disease after trans- 
plantation.* However, experience in the use of lipid-low- 
ering agents for the treatment of hyperlipidemia in car- 
diac transplant recipients is limited and its long-term 
outcome is unknown. Bezafibrate is a fibric acid deriva- 
tive that in addition to its lipid-modulating effects? has 
been shown to enhance anticoagulation!’ and to reduce 
plasma viscosity and fibrinogen levels.!!!2 Omega-3 
marine triglyceride (Maxepa) has beneficial triglycer- 
ide-lowering properties,'>-!> a possible anti-inflamma- 
tory effect and the potential for favorably modifying cy- 
closporin-induced nephrotoxicity.'® The objective of this 
study was to determine and compare the efficacy and 
safety of bezafibrate (400 mg/day) and Maxepa (5 g 
twice daily) in the treatment of hyperlipidemia in cardi- 
ac transplant recipients. We also compared the effects 
of both drugs on hemostatic, hematologic and biochemi- 
cal variables. 


Te development of accelerated coronary artery 


METHODS 

Patients: In an open, controlled study, 87 of 106 car- 
diac transplant recipients with hyperlipidemia (serum 
cholesterol >6.5 or triglycerides >2.8 mmol/liter, or 
both) were randomized to receive either a slow-release 
bezafibrate (400 mg) tablet once daily or Maxepa fish 
oil (5 g) twice daily for 3 months. The requirements for 
entry in the study were hyperlipidemia (as defined pre- 
viously) on 22 consecutive fasting determinations after 
adhering to the American Heart Association Step I diet 
for 23 months. Patients with diabetes mellitus, abnor- 
mal thyroid function, significant hepatic or renal dys- 
function (aspartate aminotransferase >60 U/ml or se- 
rum creatinine >180 umol/liter), or symptomatic gall 
bladder disease with or without cholelithiasis, or those 
receiving anticoagulants (excluding antiplatelet drugs) 
or therapy with diuretics or prednisolone where dosage 
had been changed in the 3 months prior to the study, 
were excluded from the study. 

Fasting serum total cholesterol, triglycerides, low- 
density lipoprotein (LDL) and high-density lipoprotein 
(HDL) cholesterol, apolipoproteins Al and B, lipopro- 
tein (a), hemostatic assays, cyclosporin levels, hepatic 
function tests, serum creatinine, creatinine kinase, urea 
and electrolytes, and full blood count were obtained 
monthly for a period of 3 months. 


1596 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 DECEMBER 15, 1992 


Blood sampling: Patients fasted from midnight, and 
blood samples were obtained between 9 and 11 A.M. with 
minimal venostasis (a tourniquet was used to position 
the needle in the vein and then released). Blood was 
_ obtained for hemostatic assays in 0.106 M trisodium ci- 
trate in a ratio of 9:1. One sample was kept at room 
temperature; another for fibrinolytic assays was placed 
in melting ice and centrifuged at 4°C at 2,000 g for 30 
minutes. Samples were aliquoted and stored at —80°C 
until needed. At the time of assaying, the sample was 
defrosted in a waterbath at 37°C and used immediately. 

Fasting serum lipids were analyzed enzymatically, 
HDL cholesterol after dextrose sulphate/magnesium 
precipitation, and LDL cholesterol was calculated using 
the Friedewald formula. Serum apolipoproteins Al and 
B were measured by an immunoturbidometric method 
(Beckman), and lipoprotein (a) using an enzyme-linked 
immunosorbent assay method (TintElize, Biopool). 
Trough levels of cyclosporin in whole blood were mea- 
sured by radioimmunoassay containing monoclonal 
antibody specific for the parent compound (“Cyclo-trac 
SP 125 RIA kit,” Star Corporation Inc.) 

All hemostatic factor and antithrombin III assays 
were performed using a centrifugal analyzer obtaining 
nephelometric measurements (Automated Coagulation 
Laboratory 300 Research). The same standard was 
used in all batches (Calibration Plasma, Instrumenta- 
tion Laboratory Ltd.). Factor assays were performed 
using 1-stage assays. Prothrombin-, factor Vc- and fac- 
tor Xc-deficient plasmas were obtained from Alpha 
Laboratories; factor VIIc- and [Xc-deficient plasmas 
and chromogenic antithrombin reagents were obtained 
from Instrumentation Laboratory Ltd. 

Plasma euglobulin clot lysis times were performed 
with recovery pH values of 6 in the final solution to help 
prevent precipitation of C1 esterase inhibitor. Tissue 
plasminogen antigen was measured by enzyme-linked 
immunosorbent assay (TintElize, Biopool); plasminogen 
activator inhibitor activity was measured by chromo- 
genic assay. 

Statistical analysis: The 2 treatments were com- 
pared with respect to changes in the levels of any vari- 
able by the 2-sample ¢ test or analysis of covariance, 
using the pretreatment level as a covariate. All calcula- 
tions were performed using the statistical package bio- 
medical data processing. 


RESULTS 

There were no significant differences between the 2 
treatment groups with regard to age, sex, indications for 
cardiac transplantation, average time from transplanta- 
tion to entry in the study, type of immunosuppression, 
prevalence of accelerated coronary artery disease, hy- 
pertension and smoking habits (Table I). Ejection frac- 
tion measured by multiple gated acquisition scan and 
Echocardiography for cardiac function was similar in 
both groups. The mean age of patients at entry in the 
study was 53.4 years (range 38 to 65) in the Maxepa 
group compared with 51.8 (41 to 65) in the bezafibrate 
group. Coronary artery disease was the major indication 
for transplantation in >90% of both groups. The aver- 
age time from transplantation to entry in the study was 






TABLE I Baseline Clinical Characteristics of Study Patients 


Maxepa ` Bezafibrate 
(n= 44) (n= 43) 





Clinical Characteristics 



























Age (year) 


Men/women 40/4 
Indication for cardiac transplantation 
Coronary artery disease 41 39 
Dilated cardiomyopathy 3 4 
Immunosuppression 
Cyclosporin + azathioprine 37 38 
Cyclosporin + azathioprine + prednisolone 2 2 
Azathioprine + prednisolone 5 3 
Months after transplantation 40 + 24 34 +21 
Secondary diagnosis 
Accelerated coronary artery disease 11 13 
Hypertension 8 11 
Peripheral vascular disease 6 6 
Smoking habits 
Gave up smoking after surgery 36 34 
Never smoked 6 5 
< 10 cigarettes/day 2 


TABLE II Baseline Values (mean [SEM]) in the Two Groups of 
Patients 


Profiles of Patients 


Total cholesterol (mmol/L) 
Triglycerides (mmol/L) 

HDL cholesterol (mmol/L) 

LDL cholesterol (mmol/L) 
Apolipoprotein B (mg/dl) 
Apolipoprotein Al (mg/dl) 
Lipoprotein (a) (mg/dl) 

Serum creatinine (mol/L) 
Urea (mmol/L) 

Cyclosporin blood level (ng/ml) 
Aspartate aminotransferase (U/L) 
Alkaline phosphatase (U/L) 
Creatine kinase (U/L) 


Maxepa 
(n = 44) 


7.4 (0.2) 
3.3 (0.2) 
1.1 (0.1) 
5.1 (0.2) 
142 (5) 
141 (4) 
26 (5) 
139 (4) 
10.8 (0.4) 
199 (16) 
19 (1) 
210 (13) 
108 (10) 
13.5 (0.2) 


Bezafibrate 
(n = 43) 


7.2 (0.2) 
2.9 (0.2) 
1.1 (0.1) 
5.0 (0.1) 
140 (4) 
138 (4) 
27 (7) 
140 (4) 
9.7 (0.4) 
198 (12) 
18 (1) 
215 (13) 
94 (5) 
13.2 (0.2) 





Hemoglobin (g/dl) 


Mean values did not differ significantly between the 2 groups in any case. 
HDL = high-density lipoprotein; LDL = low-density lipoprotein. 


40 months (range 8 to 109) in the Maxepa group com- 
pared with 34 (7 to 92) in the bezafibrate group. Most 
patients were immunosuppressed with cyclosporin and 
azathioprine (84 and 83% in the Maxepa and bezafi- 
brate groups, respectively). Two patients in each group 
received prednisolone in addition to cyclosporin and 
azathioprine, whereas 5 on Maxepa and 3 on bezafi- 
brate received azathioprine and prednisolone alone. 
Eleven patients in the Maxepa group and 13 in the be- 
zafibrate group had coronary artery disease after trans- 
plantation (defined as 225% luminal reduction in any 
segment of the coronary tree on angiography). 

The 2 treatment groups did not differ regarding 
baseline levels of total cholesterol, triglycerides, HDL 
and LDL cholesterol, apolipoproteins Al and B, lipo- 
protein (a) and whole blood cyclosporin, hepatic and re- 
nal function, and hematologic data (Table II). Table III 
lists the baseline values of serum lipids, lipoproteins, 
apolipoproteins Al and B, and lipoprotein (a), with the 
percent change after 1, 2 and 3 months of treatment 
with Maxepa and bezafibrate. After 1 month of treat- 
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ment with bezafibrate, serum total cholesterol de- 
creased by 13% (p = 0.0001) and LDL cholesterol by 
20% (p = 0.0001), and HDL cholesterol increased by 
20% (p = 0.004). Maxepa had no significant effect on 
these parameters, but was as effective as bezafibrate in 
reducing triglycerides (36 and 31%, respectively). Fur- 
thermore, bezafibrate reduced apolipoprotein B by 19% 
(p = 0.0001) and increased apolipoprotein Al by 12% 
(p = 0.0002). Maxepa had no significant effect on these 
parameters, but increased lipoprotein (a) similarly to 
bezafibrate (23 and 18%, respectively). Changes in se- 
rum lipids, lipoproteins, apolipoproteins Al and B, and 
lipoprotein (a) were maintained after 2 and 3 months of 
treatment with bezafibrate and Maxepa. 


Figures 1 and 2 compare changes in serum lipids, 
lipoproteins, apolipoproteins Al and B, and lipoprotein 
(a) after 3 months of treatment with each drug. 

Effects of treatment on hemostatic variables: 
Changes in hemostatic variables after 3 months are list- 
ed in Table IV. The adjusted group mean is the differ- 
ence in values before and after treatment, after adjust- 
ment for the effect of the baseline levels. These heart 
transplant recipients had prothrombotic changes before 
treatment, with particularly increased levels of fibrino- 
gen, factors VIIc, VIIIc and IXc, and antithrombin III, 
together with poor fibrinolysis (as measured by the plas- 
ma euglobulin clot lysis times) and an increase in both 
tissue plasminogen antigen and plasminogen activator 


TABLE Ill Effects of Maxepa (n = 44) and Bezafibrate (n = 43) on Serum Lipids, 
Apolipoproteins Al and B, and Lipoprotein (a) 


Baseline 
Values 


Lipid Parameter (mean [SEM]) 


Total cholesterol (mmol/L) 
Maxepa 
Bezafibrate 


Triglycerides (mmol/L) 
Maxepa 
Bezafibrate 2.9 (0.2) 
HDL cholesterol (mmol/L) 
Maxepa 
Bezafibrate 


1.07 (0.1) 
1.05 (0.1) 


LDL cholesterol (mmol/L) 
Maxepa 
Bezafibrate 


5.2 (0.2) 
5.0 (0.1) 


Apolipoprotein B (mg/dl) 
Maxepa 
Bezafibrate 


142 (5) 
140 (4) 


Apolipoprotein A1 (mg/dl) 
Maxepa 
Bezafibrate 


141 (4) 
138 (4) 


Lipoprotein (a) (mg/dl) 
Maxepa 
Bezafibrate 


25 (5) 
27 (7) 


Total HDL-C 


Cholesterol 


Triglyceride 








Months (% change) 


p = 0.0001 


vc, 


FIGURE 1. Comparison of changes in se- 
and 


Bezafibrate 
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inhibitor activity levels. After bezafibrate treatment, 
there was a significant reduction in fibrinogen and fac- 
tor Xc levels, but an increase in factors IIc, VIe, Ville 
and IXc. There was a significant decrease in tissue plas- 
minogen activator activity, but no significant change in 
the overall measure of fibrinolysis. After Maxepa treat- 
ment, there were increases in fibrinogen and factor IX, 
but a reduction in factors II and X. There were no cor- 
relations between changes in lipids and hemostatic pa- 
rameters. 

Clinical and laboratory safety experience: During 
treatment with Maxepa, 1 patient died and 13 reported 
adverse events. The patient who died was a 60-year-old 
man with angiographic evidence of accelerated coronary 
disease. He complained of tiredness and dyspnea 33 
days after commencing the study. Maxepa was then 
stopped, but the patient died 1 week later of congestive 
heart failure secondary to myocardial infarction. Ad- 
verse events while receiving Maxepa included the fol- 
lowing (in decreasing frequency): dizziness, gastric in- 
tolerance, skin irritation, tonsillitis and fatigue. Of the 
reported adverse events, most (n = 9) were considered 
of moderate severity and possibly related to the study 
drug (n = 6). Two patients were withdrawn from the 


study because of nausea, but all others remained and 
continued receiving the drug. 

In 15 of 43 patients who received bezafibrate, the 
following adverse events were recorded (in decreasing 
frequency): nausea, leg cramps, headaches, tonsillitis, 
and precipitation of gouty arthritis; 1 patient had an 
acute rejection episode. Most adverse events were de- 
scribed as moderate (n = 8) and were possibly related 
to the investigational drug. Adverse events were respon- 
sible for 1 patient withdrawing from the study perma- 
nently and another temporarily. The remaining patients 
had a complete recovery and continued receiving the 
drug. 

No adverse effects on laboratory values were regard- 
ed as serious by the investigators, and no patient discon- 
tinued treatment on this account. The mean creatinine 
value before treatment in patients receiving bezafibrate 
(140 + 4 umol/liter) was greater than the upper limit 
of normal in our laboratory (range 40 to 130 wmol/ 
liter), whereas after 1 month of treatment with bezafi- 
brate, it significantly increased to 176 + 4 umol/liter 
compared with 139 + 4 before and 140 + 5 during 
Maxepa (p <0.0001). The increase in serum creatinine 
level was maintained at 2 and 3 months during treat- 


TABLE IV Changes in Hemostatic Variables After Three Months of Treatment with Bezafibrate and Maxepa 
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Adjusted 
Group 
Mean 

(SE) 


Adjusted 
Group 
Mean 

(SE) 


Significance 
of Difference 
Between 
Drugs 


Post- 
treatment 
Mean 


Pre- 
treatment 


Pre- Post- 
treatment treatment 
Mean 


Normal 
Range 


1.96—4.00 
0.77—1.24 
0.72-1.04 
0.40-1.37 
0.44-1.10 
0.61-1.24 
0.60-1.33 


—0.33 (0.14) 
0.02 (0.01) 
0.07 (0.03) 

0.110 (0.006) 

0.170 (0.004) 

—0.04 (0.2) 

—0.04 (0.04) 


0.11 (0.12) 
-0.02 (0.01) 
0.11 (0.03) 
0.06 (0.05) 
0.05 (0.04) 
0.05 (0.02) 
—0.06 (0.03) 


Fibrinogen (g/L) 
Factor H (IU/ml) 
Factor VII (IU/ml) 
Factor VIII (IU/ml) 
Factor IX (IU/ml) 
Factor X (IU/ml) 
Antithrombin III 
(IU/ml) 
Euglobulin clot 
lysis time (min) 
Tissue plasminogen 
activator antigen 
(ng/ml) 
Plasminogen activator 
inhibitor activity 
(AU/ml) 


85-250 13 (10) 17 (6) 


1.4-5.4 —1.4 (0.4) 0.1 (0.5) 


0.2—-12.0 2.0 (1.4) 0.3 (1.5) 
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ment with bezafibrate. Therapeutic cyclosporin blood 
levels were maintained during the course of treatment, 
although the use of both drugs appeared to cause a 
slight but not significant reduction. The cyclosporin 
blood level before treatment was 198 + 12 ng/ml, and 
after 3 months treatment with bezafibrate, 144 + 12 
ng/ml compared with 199 + 16 and 183 + 12, respec- 
tively, with Maxepa (p = 0.12). 

Serum alkaline phosphatase decreased significantly 
at 1 month after treatment with bezafibrate from 215 + 
13 to 150 + 8 wmol/liter compared with 211 + 13 to 
192 + 7 with Maxepa (p <0.001). This reduction was 
maintained at 2 and 3 months of treatment. Serum 
urea, aspartate aminotransferase, creatinine phosphoki- 
nase, cyclosporin blood levels and hematologic indexes 
did not change significantly during the course of treat- 
ment. 


DISCUSSION 

We previously reported a high prevalence of abnor- 
malities of lipids and apolipoproteins Al and B in cardi- 
ac transplant recipients and found that patients with an 
initial diagnosis of coronary artery disease had higher 
levels of serum LDL cholesterol and triglycerides than 
did those with an initial diagnosis of cardiomyopathy.° 
The etiology of dyslipidemia in recipients of heart trans- 
plantation appears to be multifactorial. Rudas et alt 
and other investigators® found a strong correlation of 
age, obesity and preoperative diagnosis of coronary ar- 
tery disease with hypercholesterolemia at 1 year after 
transplantation. It is also well-documented that the use 
of steroids for immunosuppression results in increased 
total and LDL cholesterol and triglycerides.!7:!8 

Hypercholesterolemia has been shown to accelerate 
the development of atherosclerosis after transplantation 
in experimental animals.!? We have found a strong as- 
sociation between increased serum cholesterol and tri- 
glyceride levels with coronary artery disease in the 
transplanted heart at 2 and 3 years after transplanta- 
tion. Increased total and LDL cholesterol levels were 
reported as risk factors among patients who underwent 
retransplantation for accelerated coronary artery dis- 
ease.”” The advantage of this clinical trial design is that 
it was prospective and randomized, but because it was 
open and unmasked, it has potential bias. However, 
with this study, end points were biochemical data mea- 
sured by investigators who were unaware of the treat- 
ment groups. 

In this study, we assessed the use of 2 lipid-modify- 
ing agents for 3 months in recipients of transplanted 
hearts with hyperlipidemia. Bezafibrate reduced total 
cholesterol, triglyceride, LDL cholesterol and apolipo- 
protein B, and increased HDL cholesterol and apolipo- 
protein Al. However, Maxepa induced a significant and 
similar reduction only in triglyceride levels. Although 
cyclosporin may adversely affect plasma lipids,”!22 any 
possible effect attributable to a decrease in cyclosporin 
levels would have been similar in both groups of patients 
and would not explain the marked difference in lipid 
levels found in the 2 groups. Both drugs similarly 
caused an apparent but statistically insignificant in- 
crease in lipoprotein (a) levels. High lipoprotein (a) lev- 
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els have been shown to be a significant risk factor for 
nontransplant, premature, coronary artery disease and 
development of saphenous vein graft stenosis after coro- 
nary bypass surger 777 Changes in lipoprotein (a) af- 
ter cardiac transplantation have also been reported,” 
and we recently found lipoprotein (a) to be a strong and 
independent risk factor for accelerated coronary disease 
in cardiac transplant recipients (unpublished data). 

Prothrombotic changes, especially increased plasma 
fibrinogen levels, are risk markers for the development 
of atheromatous heart disease?’ and have been suggest- 
ed as possible etiologic factors in accelerated coronary 
disease.’ Maxepa had no significant effect on coagula- 
tion, but bezafibrate had a possible beneficial effect by 
reducing mean fibrinogen levels, as has also been de- 
scribed in nontransplant patients.'? This possible benefi- 
cial effect may be counteracted by the concomitant in- 
creased levels of vitamin K-dependent coagulation fac- 
tors, which similarly, but less strongly than fibrinogen, 
are indicators of the risk of coronary artery disease.2’ 
Decreased fibrinolysis is also a risk marker of the devel- 
opment of coronary artery disease but was unaffected 
by Maxepa or bezafibrate, despite a reduction in tissue 
plasminogen activator levels with the latter. 

Bezafibrate increased serum creatinine levels with- 
out any associated increase in urea, creatine phosphoki- 
nase or cyclosporin blood level. An increase in serum 
creatinine due to bezafibrate was reported previously in 
the nontransplant population in patients with normal re- 
nal function.2? However, in most patients, values re- 
mained within the normal range, and there were no 
signs of renal toxicity. In our study, bezafibrate was ad- 
ministered to patients who had mild impairment of re- 
nal function (e, creatinine 140 + 4 umol/liter); the 
mechanism of the further increase in creatinine due to 
bezafibrate is not known and its influence on cyclo- 
sporin-induced renal damage in the long-term needs 
further evaluation. Cyclosporin nephrotoxicity is a ma- 
jor problem after transplantation, and although renal 
vasoconstriction appears to be involved, the precise 
mechanisms have not been determined. The results of 
the present study suggest that Maxepa may have a bet- 
ter long-term effect on renal function than does bezafi- 
brate, and there is also experimental evidence to show 
that the use of fish oils as the vehicle for cyclosporin 
results in improved renal function and morphology, with 
depressed renal cortical levels of vasoconstrictors.!¢ 

Both drugs were well-tolerated and appeared to have 
no serious adverse clinical effects during this short-term 
study. Bezafibrate had better lipid- and apolipoprotein- 
modifying properties, but its potentially adverse effect 
on renal function needs to be examined. Further long- 
term studies are needed to evaluate these agents in the 
primary and secondary prevention of accelerated coro- 
nary disease in cardiac transplant recipients. 
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EDITORIALS 


Myocardial Ischemia Caused by 
Distal Coronary Vasoconstriction 


Attilio Maseri, MD, Filippo Crea, MD, and Domenico Cianflone, MD 


ecent clinical studies suggest that myocardial is- 
chemia can be due to small coronary vessel con- 
triction.' Myocardial ischemia predominantly 
due to distal, small coronary artery constriction has 
been observed in patients with angiographically normal 
coronary arteries after high intracoronary doses of neu- 
ropeptide Y? or acetylcholine? and in those with coro- 
nary atherosclerosis after intracoronary infusion of sero- 
tonin* or acetylcholine.5® Myocardial ischemia caused 
by constriction of distal, small coronary arteries has 
been observed occasionally after successful coronary an- 
gioplasty in patients with unstable angina’; myocardial 
ischemia*“!° or impairment of coronary flow reserve!! 
has been observed early after successful coronary angio- 
plasty also in patients with chronic stable angina. Final- 
ly, modulation of residual coronary vasodilator reserve 
by distal coronary vessel constriction was documented 
in patients with chronic stable angina and 1 coronary 
occlusion.'* These clinical observations of myocardial is- 
chemia due to selective constriction of distal coronary 
vessels are consistent with experimental results showing 
that: (1) coronary vessels >0.5 mm do not constrict in 
response to neuropeptide Y,!3 (2) doses of endothelin 
needed to produce a 50% constriction are much smaller 
for coronary vessels of 1 mm diameter than for those of 
2 mm,'* (3) doses of endothelin approximately 1 order 
of magnitude smaller are sufficient to cause an increase 
in small coronary vessel resistance,'4 and (4) in dogs, 
picomolar doses of endothelin can cause massive myo- 
cardial ischemia in the absence of detectable constric- 
tion of angiographically visible epicardial coronary 
arteries. !> 

The notion that myocardial ischemia can also be due 
to constriction of small, distal, resistive coronary vessels, 
rather than only by fixed or dynamic obstructions of 
large conduit epicardial coronary arteries, is new. It is in 
apparent contrast with the traditional belief that meta- 
bolically mediated dilation of distal coronary arterial 
vessels can compensate for the increased resistance to 
flow due to obstructions of proximal, conduit epicardial 
coronary arteries. The evidence of a new mechanism of 
myocardial ischemia needs an analysis of the type of 
small coronary vessels whose constriction or lack of ade- 
quate dilation may cause myocardial ischemia; the al- 
teration may occur either in small, distal, resistive 
vessels directly responsible for metabolically mediated 
vasomotion or in more proximal resistive vessels not in- 
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volved in this process because their extramyocardial po- 
sition or size makes them unaffected by local vasodila- 
tory metabolites. 

Regulation of coronary flow resistance: The coro- 
nary arterial bed is traditionally considered to comprise 
the following 2 compartments: (1) large, conduit arter- 
ies, and (2) smaller, resistive vessels.!© The border be- 
tween conduit and resistive vessels is not precisely de- 
fined, but in dogs, a 5 to 15 mm Hg pressure reduction, 
relative to aortic pressure, occurs in distal epicardial 
vessels.!”18 Under physiologic conditions, resistive ves- 
sels have the following 2 main functions: (1) to match 
myocardial blood flow to oxygen consumption when de- 
mand varies, and (2) to maintain flow proportionate to 
demand when aortic pressure varies. Under pathologic 
conditions, dilation of resistive vessels compensates for 
the increased resistance due to reduction of the lumen 
of conduit arteries. 

A large number of studies indicate that resistive ar- 
terial vessels ensure the continuous matching of blood 
supply to metabolic requirements so precisely that myo- 
cardial oxygen extraction remains practically constant 
over a wide range of cardiac work and aortic pressure. !® 
The functions of varying flow in proportion to metabolic 
requirements at constant aortic pressure and maintain- 
ing flow proportionate to requirements when aortic 
pressure varies are complementary but not necessarily 
equally distributed along the successive segments of re- 
sistive vessels or mediated by the same mechanisms. 

We believe that a more precise understanding of the 
abnormalities of vasomotor regulation, which can cause 
myocardial ischemia, requires the distinction of resistive 
vessels into the following 2 functionally distinct com- 
partments arranged in series: (1) a more distal compart- 
ment in which vasomotor tone can be directly influ- 
enced by the composition of the myocardial interstitial 
fluid and metabolic state, and (2) a more proximal com- 
partment in which vasomotor tone cannot be influenced 
by the composition of the interstitial fluid, because of 
the epicardial position or thickness of the arterial wall. 
In the more distal compartment, vessel diameter can 
change in response to local metabolic vasodilators, ner- 
vous, humoral and local vasoactive stimuli, and varia- 
tions of the distending pressure. The more proximal 
compartment can only be affected by the balance be- 
tween distending pressure and the level of vasomotor 
tone set by neural, humoral and local vasoactive stimuli 
(Figure 1). In the argument that follows, proximal and 
distal resistive arterial vessels will be defined in func- 
tional terms as “prearterioles” and “arterioles,” respec- 
tively. No anatomic demarcation between these seg- 
ments can be recognized histologically,!%?° and func- 
tional demarcation is also likely to be rather blurred.!8 
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The vasomotor response of prearterioles and arterioles is 
integrated with the temporal and spatial heterogeneity 
of myocardial perfusion.2!-?3 A 2-compartment model 
of coronary resistive vessels consisting of “arterioles” 
and “prearterioles” is useful for the interpretation of a 
number of recent experimental studies and provides a 
framework for the study of the behavior of the coronary 
circulation under physiologic or pathologic conditions. 

Application of a two-compartment resistance model 
to available experimental data: Most experimental 
work reported in this section was performed by Marcus 
et AUS on the subepicardial microcirculation of in situ 
cat’s hearts. 

Increased myocardial oxygen consumption by atrial 
pacing was found to dilate all arterial microvessels up to 
approximately 0.2 to 0.5 mm in diameter.”* The experi- 
mental design, however, did not enable a distinction be- 
tween direct, metabolically mediated dilation of arte- 
rioles and indirect flow-mediated prearteriolar dilation. 
Although inhibition of nitric oxide production in con- 
scious dogs does not affect coronary blood flow,?> this 
does not necessarily mean that nitric oxide has little ef- 
fect on coronary resistive vessels. It could be postulated 
that mild constriction of prearteriolar vessels is compen- 
sated for by arteriolar dilation. 

Reduction of coronary perfusion pressure to 40 mm 
Hg was found to cause dilation of vessels <0.1 mm in 
diameter, but constriction of larger vessels.°’ This het- 
erogenous response may be explained by the fact that a 
large reduction of coronary perfusion pressure may 
cause metabolically induced dilation of arteriolar ves- 
sels, but passive reduction of the caliber of prearteriolar 
vessels. Alternatively, as reduction of perfusion was as- 
sociated with reduced flow, prearteriolar constriction 
may be due to reduced flow-mediated release of endo- 
thelial-dependent (derived) relaxing factor. 

Sympathetic nerve stimulation, or infusion of norepi- 
nephrine”® or serotonin,” was found to constrict vessels 
>0.1 mm in diameter and dilate smaller vessels. The 
dilation of smaller vessels could be due to metabolically 
mediated dilation of arteriolar vessels to provide com- 
pensation for prearteriolar constriction, which reduces 
the perfusion pressure at their origin. 

Dipyridamole was found to cause a three- to four- 
fold increase in myocardial blood flow, only a small 
change in pressure reduction in vessels >0.15 mm in 
diameter, and no dilation of vessels >0.15 mm. Analysis 
of these results, using a 2-compartment resistance mod- 
el, reveals the hidden inconsistency of these findings. 
The absence of dilation of upstream vessels would be 
incompatible with a three- to fourfold increase in coro- 
nary blood flow, because the pressure reduction across 
them (which is approximately 30 mm Hg in control 
conditions) should also increase three- to fourfold.°*° 

Finally, the observation that vasodilators can in- 
crease flow to the ischemic myocardium?!-*3 can be ex- 
plained by dilation of prearteriolar vessels rather than 
by inadequate, metabolically induced dilation of arterio- 
lar vessels. 

Interpretation of the physiology and pathophysiolo- 
gy of the coronary circulation using a two-compart- 
ment resistance model: METABOLIC REGULATION OF MYO- 


CARDIAL BLOOD FLOW: The concentration of vasodilatory 
metabolites and possibly the partial pressure of respira- 
tory gases in the interstitial fluid vary as functions of 
myocardial metabolic activity.’ When myocardial oxy- 
gen consumption increases, the resistance of arteriolar 
vessels (as defined previously) decreases because of ar- 
teriolar vasodilatation and, possibly, recruitment of par- 
allel vascular channels. If aortic pressure remains un- 
changed, coronary flow will increase, because a large 
fraction of coronary flow resistance is found in very 
small arteriolar vessels.34 When flow increases, the pres- 
sure reduction across prearteriolar vessels (as defined 
previously) would increase approximately linearly with 
flow, unless they can respond with proportionate, flow- 
mediated vasodilatation. Absence or inadequate func- 
tion of flow-mediated dilation of prearteriolar vessels or 
their inappropriate constriction would result in a size- 
able pressure reduction at the origin of maximally dilat- 
ed arteriolar vessels and hence could limit maximal cor- 
onary flow, particularly in subendocardial layers? (Fig- 
ure 1). 

Thus, although the matching of myocardial blood 
flow to oxygen consumption is ensured by appropriate 
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insufficient to increase myocardial blood flow adequately. 
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changes in the vasomotor tone of arteriolar vessels 
through a resetting of interstitial fluid composition, this 
can be efficiently accomplished only when perfusion 
pressure at the origin of arteriolar vessels is maintained 
within an optimal range. When flow varies, the mainte- 
nance of perfusion pressure at the origin of arteriolar 
vessels within an optimal range is the result of adapta- 
tions occurring in prearteriolar vessels. Flow-mediated 
vasodilatation,** related to tonic endothelial production 
of nitric oxide?” and possibly other endothelial-depen- 
dent (derived) relaxing factors,’ appears to be a suit- 
able candidate for the role of adapting prearteriolar cal- 
iber to flow. 

AUTOREGULATION OF MYOCARDIAL BLOOD FLOW: Myo- 
cardial blood flow has only small changes over a wide 
range of aortic pressure values.'® Therefore, coronary 
vascular resistance must increase when aortic pressure 
increases and decrease when it decreases. These adap- 
tive vasomotor changes result from the combined effects 
of intravascular distending pressure, myogenic tone?’ 
and metabolic autoregulation of flow that together de- 
termine the caliber of resistive vessels and possibly their 
temporal and spatial recruitment. The roles of these 
regulatory mechanisms in maintaining constant flow as 
pressure increases to greater than the normal range 
and as it decreases to less than that range are not neces- 
sarily the same. When aortic pressure increases, a pre- 
dominantly prearteriolar increase of coronary resistance 
would allow pressure at the origin of the arterioles to 
remain within an optimal range to ensure a precise 
matching of blood flow to myocardial oxygen consump- 
tion. However, when aortic pressure decreases, prearte- 
riolar dilation may be insufficient to maintain flow at a 
constant level, and resetting of the myocardial fluid 
composition with consequent dilation of arteriolar ves- 
sels may be needed. 

COMPENSATORY DILATION DISTAL TO A CONDUIT ARTERY 
STENOSIS: Blood flow at rest remains constant until the 
diameter of a major coronary branch is stenosed by 
>80%.*° The increased resistance created by the steno- 
sis determines a post-stenotic pressure drop with conse- 
quential decrease of distending pressure and myogenic 
tone. Resetting of the composition of interstitial fluid, 
with consequent arteriolar dilation, is required in order 
to compensate for substantial falls of post-stenotic pres- 
sure. 

MECHANISMS OF MYOCARDIAL ISCHEMIA CAUSED BY AL- 
TERATION OF DISTAL CORONARY VESSELS: Theoretically, 
myocardial ischemia develops because the metabolic di- 
lation of arteriolar vessels is insufficient to maintain ad- 
equate blood flow when perfusion pressure at the origin 
of fully dilated arteriolar vessels decreases so much that 
the consequent reduction in blood flow cannot be ade- 
quately compensated for by an increase in myocardial 
oxygen extraction. The most frequent cause of a critical 
reduction in pressure at the origin of prearteriolar ves- 
sels is thought to be a stenosis in the parent conduit 
artery, and the mechanisms that influence the pressure 
reduction across an epicardial coronary stenosis have 
been thoroughly discussed.*° Myocardial ischemia due 
to distal vessel constriction can result from dysfunction 
of either prearteriolar or arteriolar vessels. 
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Dysfunction of prearteriolar vessels can be due to 
inadequate flow-mediated vasodilation related to either 
endothelial dysfunction or hyperreactivity of smooth 
muscle to physiologic constrictor stimuli, abnormal neu- 
rogenic vasoconstriction, abnormal blood-derived con- 
strictor stimuli, or abnormal vessel wall cell-derived 
constrictor stimuli. 

Dysfunction of arteriolar vessels can be due to the 
aforementioned mechanisms, which should be strong 
enough to locally overcome the compensatory dilatory 
effect of metabolic alteration induced by ischemia, or to 
an abnormality of the local metabolic mechanisms that 
regulate arteriolar vasomotor tone. 

The only way to assess coronary resistance vessels in 
humans is by measuring flow, which provides only over- 
all information on resistive vessels. However, coronary 
arteriography provides important clues concerning the 
ischemia caused by distal vessel constriction. Obvious 
constriction of distal secondary and tertiary branches 
can be observed in patients with chronic stable angina 
during ischemia caused by ergonovine!? or serotonin,‘ 
as well as in those with atypical chest pain and normal 
coronary angiograms during ischemia caused by high 
doses of acetylcholine.’ In addition, some patients with 
syndrome X have diffuse constriction of secondary and 
tertiary branches during angina caused by ergonovine. 
Total absence of distal flow without constriction of 
proximal branches was observed during intracoronary 
infusion of neuropeptide Y.? A slow flow of contrast 
medium without any detectable constriction of angio- 
graphically visible distal vessels was observed in dogs 
during ischemia caused by infusion of endothelin.!5 
These observations suggest that the mechanisms of the 
abnormal behaviour of distal coronary vessels, which 
leads to myocardial ischemia, can be multiple4!4? and 
involve different sites. 

At present, to prevent occasional episodes of ische- 
mia due to local coronary constriction or inadequate di- 
latation, we have to use drugs that persistently reduce 
the vasomotor tone in the whole body, with consequent 
development of negative feedback mechanisms. In the 
future, we should try to identify the specific coronary 
vasomotor alterations to target pharmacologic therapy. 
The division of coronary resistive vessels into 2 sepa- 
rate functional compartments could provide a rational 
framework in which to precisely identify the mecha- 
nisms responsible for myocardial ischemia caused by 
distal coronary vessel dysfunction. 
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Laser Angioplasty: The Great “Light” Hope 


Jeffrey A. Brinker, MD 


oth the lay public and the medical community have 

a fascination with new forms of therapy. Even 

during the investigational phase of a treatment 
regimen or diagnostic test, the term “new” is often as- 
sumed to be synonymous with “improved.” Whether 
this is a conditioned response resulting from the con- 
stant bombardment of advertising claims associating the 
two words, or because we have come to expect the best 
of the current technologic revolution I cannot say. It is 
clear however that, at least in cardiology, conservatism 
is not where the action is and the adage “don’t be the 
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first to try something or the last to accept it” no longer 
applies. For the interventionalist, however, it is the best 
of times. A number of new technologies for coronary 
revascularization have recently been approved by the 
Food and Drug Administration Circulatory Device Pan- 
el and have been or will soon be introduced to the mar- 
ket. This approval does not mean that a device is better, 
safer, or more cost-effective than balloon angioplasty 
which is the standard comparator. In fact, none of these 
devices have been compared in a controlled way to bal- 
loon percutaneous transluminal coronary angioplasty 
(or any other therapeutic option) during the pre-market 
evaluation process. Rather approval is based on evi- 
dence that the new device is at least generally compara- 
ble in terms of safety and efficacy to historical data. In 
some situations approval is granted for rather limited 
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indications based on the results of the premarket clinical 
investigation. Such is the case for the excimer laser cor- 
onary angioplasty system. 


LASER CORONARY ANGIOPLASTY 

Of all the new devices, none is so mesmerizing as the 
laser. Conceptually it is the epitome of space-age tech- 
nology and already has an established therapeutic role 
in a number of specialties. The coming of a clinical use- 
ful laser angioplasty device has been anticipated for 
years by patients and physicians. Initial attempts at us- 
ing argon and Nd-YAG laser energy proved disappoint- 
ing when delivered directly through optical fibers or in- 
directly to heat a metal cap. Thermal injury and the 
difficulty in directing energy discriminantly resulted in 
a relatively high risk:benefit ratio. Considerable excite- 
ment accompanied the introduction of the excimer laser 
devices which have been shown to be more efficient at 
vaporizing lesions leaving a “cleaner” cut. Significant 
advances in design have resulted in a relatively flexible 
catheter with limited dead space between fibers so that 
energy can be delivered effectively even to distal lesions 
in tortuous vessels. There is no doubt that the excimer 
laser catheter can reach and pass through coronary ste- 
noses resulting in an increased luminal diameter. Con- 
troversy remains, however, as to the potential role of 
this technique compared with other available forms of 
interventional therapy. 

Concerns about the laser include expense, efficacy 
and safety in that order. The laser generator costs near- 
ly a quarter of a million dollars and requires specialized 
maintenance. The catheters cost about $900 each which 
is now about 1.5 times that of a balloon and guidewire 
combination. The study by Bittle et al appearing in this 
issue of the Journal is important in providing a frame 
work upon which we may judge the efficacy and safety 
of the device and perhaps establish a cost:benefit per- 
spective. It is important to underscore the authors’ em- 
phasis that this study describes the results of a registry. 
It is not a controlled trial and analysis of anatomic pre- 
dictors of success, complication and restenosis are relat- 
ed only to laser therapy with this particular device. The 
comparisons made to balloon angioplasty for specific le- 
sion types are interesting but must be interpreted cau- 
tiously. 

The findings of this study are sobering. The overall 
procedural success for all patients enrolled was 86%; 
however, much of this may be attributed to balloon an- 
gioplasty which was used to dilate 83% of the lesions. 
The laser catheter alone reduced diameter stenosis to 
<50% in only 60% of the lesions and was unable to 
reduce diameter stenosis by 220% in 21% of the lesions. 
The overall major complication rate was 7.6% with a 
bypass rate of 4.1% and a death rate of 0.7%. The angi- 
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ographic restenosis rate (determined in % of the eligible 
patients) was 60%. 

More encouraging is the finding that the device has 
a reasonable clinical success rate in lesions known to be 
problematic for balloon angioplasty. The “alpha class” 
of complex lesions does in fact correspond to the emerg- 
ing concensus of laser angioplasters as to the primary 
indications for this procedure. The propensity to ap- 
proach these types of obstructions accounts perhaps for 
the overall lower success rate and higher complication 
rate previously noted compared with the current experi- 
ence with standard percutaneous transluminal coronary 
angioplasty. Operator learning curve and the still rela- 
tively primitive state of catheter evolution are other con- 
siderations. However, not all complex lesions are bene- 
fited by the laser. Bifurcational, highly calcified and ec- 
centric lesions as well as those in tortuous coronary 
segments should be approached with great care, if at all, 
by this technique. 


NICHE TECHNOLOGY 

As experience grows with new interventional tech- 
nology it becomes apparent that no single technique is 
as widely applicable as the balloon catheter. The laser, 
like the other devices, will probably be directed toward 
certain specific clinicoanatomic scenarios in which the 
balloon is thought suboptimal. The Food and Drug Ad- 
ministration has approved excimer laser angioplasty 
only for the limited group of complex lesions represent- 
ed by the alpha class. If debulking of a lesion before 
balloon angioplasty proves helpful in reducing acute 
complications or restenosis, there might be a further 
role for the laser; however, no evidence for this exists. 

Although it is clear that laser angioplasty can be 
performed, the question remains as to whether it should 
be. This question will be asked by many a hospital ad- 
ministrator over the next few months. Many have previ- 
ously been “burnt” by the potential of new therapy only 
to have an expensive device placed in terminal storage. 
Clearly a major limitation of the laser catheter is that it 
results in luminal enlargement only a little greater than 
that of the device itself. One should expect that most 
laser procedures will also require a balloon dilatation 
which will add to the expense. Among the other new 
technologies, rotational atherectomy will be competitive 
with the laser for lesions that are ostial, calcified, or 
balloon failures, but not for long lesions, those associ- 
ated with clot or grumous vein grafts. Other laser sys- 
tems that may be less expensive than the excimer are 
currently undergoing clinical investigation and their role 
remains to be defined. Studies like that of Bittle et al 
must be complimented by randomized controlled inves- 
tigations before the true worth (clinical and economic) 
of a therapy can be established. 
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Interventional Cardiology: 1990s 


Kenneth M. Kent, MD 


first coronary angioplasty procedure! (PTCA) 

which changed not only therapeutic options for 
patients with obstructive coronary artery disease but our 
entire approach to such patients. Diagnostic tests have 
been improved and used more frequently to detect pa- 
tients who are asymptomatic but have significant ob- 
structive disease. Interventions, both nonoperative and 
operative, are used earlier. Patients with acute myocar- 
dial infarction are treated more aggressively. Studies 
are underway to test the effectiveness of these altered 
strategies; however, the availability of nonoperative re- 
vascularization procedures has definitely altered the 
management of patients with coronary artery disease. 

Gruentzig’s initial selection criteria was patients 
with 1-vessel disease. Indeed, 74% of patients reported 
in the initial National Heart, Lung, and Blood Institute 
(NHLBI)-PTCA registry had 1-vessel disease. How- 
ever, by 1985, the time of the second registry, half of 
the patients undergoing PTCA had multiple vessel dis- 
ease 7 Over the past 5 years, non-balloon technologies 
have been introduced; atherectomy devices, laser angio- 
plasty and stents have expanded the selection criteria of 
patients for nonoperative revascularization procedures. 
Thus, in the United States, approximately half of the 
650,000 revascularization performed annually are non- 
operative. 

After revascularization, the prognosis of patients 
with coronary artery disease is so favorable, it is possi- 
ble for patients to require both operative and nonopera- 
tive revascularization procedures during their life. Cur- 
rently, 25% of patients in our practice of interventional 
cardiology have undergone previous operative revascu- 
larization procedures. Thus, Gruentzig’s initial concept 
of removing coronary obstructions in 1 artery with a 
balloon, has evolved into a discipline with many differ- 
ent tools in which more complex anatomy is treated. As 
coronary anatomy and pathophysiology of the patients 
and the devices increase in complexity, the partnership 
with cardiovascular surgeons must strengthen. The goal 
of the current approach is to provide the most effective 
means of revascularization by the most experienced op- 
erators using the most appropriate devices. If nonopera- 
tive revascularization is chosen and it fails, the patient 
will almost certainly get worse. If the device fails, the 
patient will certainly get worse. At that point, it is nec- 
essary to abandon the initial choice and proceed imme- 
diately to operative intervention. Elsewhere in this issue, 
Klinke and Hui‘ describe their experience over 11 years 
in 762 patients in whom PTCA was performed in a hos- 
pital without on-site surgical facilities. The overall re- 
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sults seem reasonable; however, there are major con- 
cerns raised by this approach. During the first 9 years, 
449 patients underwent PTCA, approximately 1 patient 
per week (Table II*). During that period, 31 patients 
with multiple vessel disease were treated, and 4 died 
(13%). Even though the investigators were careful in 
selecting low-risk lesions, 81% had American Heart As- 
sociation/American College of Cardiology type A and 
B1 lesions, and the overall complication rate, death, 
emergency operation and myocardial infarction was 
4.6%. This complication rate is similar to that reported 
in the 1985-86 NHLBI-PTCA Registry*; however, the 
latter contained consecutive series of patients, half of 
whom had multiple vessel disease with no intent to se- 
lect only low-risk lesions. Although lesion classification 
is not available for that registry, it is unlikely that those 
centers, the most experienced in North America, would 
have been as selective as the Klinke-Hui report. The 
experience in the current study has increased: 313 pa- 
tients during the past 2 years, approximately 3 patients 
per week. Balloon angioplasty was used exclusively in 
this study. Other technologies have extended our abili- 
ties to treat nonoperatively patients with obstructive dis- 
ease P It is unlikely that a laboratory staff or physician 
who performs 3 PTCA procedures per week will be able 
to master the 3 available atherectomy devices, laser an- 
gioplasty and implantation of stents. The details of the 7 
patients who died are given and appropriate manage- 
ment is detailed. Twenty-eight patients (3.7%), most of 
whom had low-risk lesions, underwent emergency oper- 
ation or experienced a myocardial infarction. Manage- 
ment of the cases in this period, 1981 to 1991, will not 
be appropriate during the next decade. To perform bal- 
loon angioplasty on even the simplest, most discrete, ste- 
nosis of the proximal left anterior descending coronary 
artery and not be prepared to treat an occlusive dissec- 
tion with directional atherectomy or implantation of a 
stent will no longer be appropriate management. 

If interventional cardiology is to provide the most 
effective nonoperative revascularization procedures, it 
must be performed in centers that maintain a high vol- 
ume, with experienced operators and laboratory person- 
nel who have sufficient experience to chose the device in 
order to obtain the greatest success and effectively deal 
with complications. As new devices are introduced, the 
volume of the operators and laboratories becomes in- 
creasingly important, as does the close interaction with 
the cardiovascular surgeons. It is difficult to understand 
how the fragmented approach, described by Linke and 
Hui during 1981 to 1991 will serve a useful role in in- 
terventional cardiology of the 1990s. 
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“Beauty is in the Eye. . .” 


Floyd D. Loop, MD, and Patrick L. Whitlow, MD 


Klinke and Hui! report their results of percutaneous 

transluminal coronary angioplasty (PTCA) per- 
formed from 1981 to 1991 in a center without on-site 
surgery facilities. Ninety-five percent of their 762 pa- 
tients underwent 1-vessel dilatation, and the PTCA suc- 
cess rate was 76%. Surgery was possible only by trans- 
fer to a regional center located 6 kilometers away; 12 
patients (1.6%) were successfully transferred there for 
“emergency surgery.” Seven patients (0.9%) died dur- 
ing or within 24 hours after PTCA; none of these were 
successfully transported to the operating room for emer- 
gency bypass grafting. Major complications affected 5 
patients (4.6%), including 2.1% with myocardial infarc- 
tion. 

At first glance, these results appear acceptable when 
compared with those from centers with on-site surgical 
facilities, and the low emergency surgery rate of 1.6% 
for procedures performed from 1981 to 1991 even ap- 
pears commendable compared with other large series 
(National Heart, Lung, and Blood Institute Registry, 
1985-1986, 3.5%; Emory University, 4.8%; and Cleve- 
land Clinic, 2.9%*). However, closer scrutiny of the se- 
ries produces several points of concern. 

Of critical importance when considering the results 
of PTCA without on-site surgical backup is whether pa- 
tients have timely access to surgical support. Although 
there are no controlled data to prove that emergency 
surgery after unsuccessful PTCA improves survival, 
prevents myocardial infarction, salvages ischemic myo- 
cardium or improves functional capacity over medical 
therapy, good early and long-term results obtained with 
emergency bypass surgery have been well-document- 
ed 77 Randomized studies have not been initiated be- 
cause the consensus of clinical opinion is that emergen- 
cy surgery is effective for ischemia after unsuccessful 
PTCA. This view is substantiated by the Subcommit- 
tee on Coronary Angioplasty of the American College 
of Cardiology/American Heart Association (ACC/ 
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AHA), which concluded that an on-site cardiovascular 
surgical team should be a prerequisite for coronary an- 
gioplasty.® 

Since several new technologies to treat abrupt clo- 
sure with PTCA became available (coronary stents,’ di- 
rectional coronary atherectomy,® laser balloon angio- 
plasty? and perfusion balloons!®), emergency surgery 
rates of <2% have been reported. However, these tech- 
nologies have been available only since the late 1980s, 
and emergency surgery rates at most experienced cen- 
ters during the 1980s ranged from 3 to 7%.2-4 The fact 
that Klinke and Hui! report such a remarkably low rate 
of 1.6% raises the possibility and even the likelihood 
that patients who would have been sent for emergency 
surgery at centers with on-site operating facilities may 
have been denied surgery, because of the time delay and 
inconvenience of transfer to another hospital. For in- 
stance, the only patients with detailed clinical summar- 
ies included in their report are those who died. Of these 
7 patients, 2 died while awaiting transfer or during 
transfer to a distant operating room for emergency sur- 
gery. Whether these 2 patients would have died had on- 


site surgery been available is not known, but clearly ` 


they would have undergone emergency bypass grafting 
if the surgical facility had been more accessible. In ad- 
dition, each of the remaining 5 patients who died would 
have been considered for and taken to emergency by- 
pass operation at our center, and we expect that many 
would have had surgery at other centers. In a study at 
Emory University, Guyton et al!! reported survival in 
15 of 17 patients (88.2%) who underwent surgery for 
ischemia and cardiogenic shock, incuding 4 post-angio- 
plasty patients. Results indicate that timely intervention 
can be lifesaving in hemodynamically unstable patients 
after unsuccessful angioplasty. We have operated on 12 
patients with PTCA who left the catheterization labora- 
tory in extremis after unsuccessful PTCA with cardio- 
pulmonary resuscitation ongoing, and 3 left the hospital 
alive (Cardiovascular Information Registry, The Cleve- 
land Clinic Foundation). We realize that it is difficult to 
assess the possibility of emergency bypass surgery with- 
out seeing the patient and knowing all the details, but 
the incredibly low emergency surgery rate reported by 
Klinke and Hui! and the clinical details provided raise 
the possibility that many of the 24% of patients with 
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unsuccessful PTCA would have been considered for 
emergency bypass surgery in centers that have on-site 
surgical facilities. 

One needs to further analyze the data of Klinke and 
Hui! based on the complexity of lesions in the patient 
population in whom PTCA was attempted. Eighty-one 
percent of the lesions were defined as low risk with high 
probability of success (ACC/AHA modified lesion clas- 
sification A or B1),!2 14% were of moderate risk (B2), 
and 4% were classified as type C or high risk. Only 5% 
of patients had multivessel PTCA. The death rate of 
0.9% reported for this predominantly low-risk patient 
and lesion group does not appear optimal.!? One should 
seriously question whether this rate may have improved 
if rapid emergency surgery had been available 127 

Likewise, a comparison of the time delay before sur- 
gery reported by Klinke and Hui! with that reported by 
other centers is noteworthy. The mean time delay to 
beginning surgery reported by Klinke and Hui was 165 
minutes (range 75 to 325). A report from Emory!* doc- 
umented 135 minutes before surgery was completed, 
and one from the Cleveland Clinic!> documented 148 
minutes from the time of surgical notification to the 
completion of surgery. Since emergency bypass surgery 
procedures typically need 260 to 80 minutes to com- 
plete, and 165 minutes had elapsed before beginning 
surgery, the 165-minute time lapse reported by Klinke 
and Hui appears excessive when compared with that in 
centers with on-site surgery. Ischemic myocardial dam- 
age is time-dependent, and rapid revascularization has 
been reported to improve outcome.'® We believe the in- 
herent delay imposed by off-site surgery is unaccept- 
able. 

Since the time to surgery and even the use of emer- 
gency bypass surgery may be influenced by the presence 
or absence of an on-site surgical team, one should ques- 
tion the motivation for performing PTCA without in- 
house emergency backup. Consideration of convenience 
to the doctor and patient appears trivial, because a full- 
service facility was available 6 kilometers away. Limited 
access to PTCA with on-site surgery may be a consider- 
ation in the Canadian health care system, but it is not a 
problem in the United States. However, if a policy per- 
mitting angioplasty without on-site surgery were to be 
adopted in the United States, monetary incentive would 
have to be considered, and the risks and benefits would 
need to be carefully, prospectively and critically docu- 
mented. 

We fully agree with Klinke and Hui’s! suggestion 
for regionalization of health care facilities that provide 
specialized technical services. This approach avoids du- 
plication. Our point of difference is that such regional 
centers should have the availability of both emergency 


bypass surgery and PTCA to complete the treatment 
options for all patients with coronary disease. Klinke 
and Hui argue that their data support the practice of 
PTCA without on-site surgery facilities, whereas we 
view their findings with great concern because of their 
limited access to surgery. We conclude that angioplasty 
should not be performed without on-site surgery facili- 
ties. 
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Incidence of Adverse Events During Treatment with Verapamil for 
Suspected Acute Myocardial Infarction 
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Adrian J. Esterman, MSc, and John D. Horowitz, PhD 


he potential clinical role of non-dihydropyridine cal- 

cium antagonists, such as verapamil and diltiazem, 
in the management of patients during and subsequent to 
acute myocardial infarction (AMI) is an area of consid- 
erable and changing controversy.'! Recent investigations 
suggest that both verapamil!? and diltiazem!*4 exert 
beneficial effects after AMI, largely, if not entirely medi- 
ated by reduction in the incidence of reinfarction. How- 
ever, there is considerable concern about the use of these 
negatively inotropic calcium antagonists in patients with 
significantly impaired left ventricular systolic func- 
tion.!24 Although diltiazem may be beneficial in the peri- 
infarct period? and verapamil may exert beneficial effects 
on both ischemia> and infarct size® in this setting, the 
results of the only large randomized study conducted to 
date concerning the early use of verapamil — Danish 
Verapamil Infarction Trial-I (DAVIT-I)! — discour- 
aged initiation of verapamil therapy in the first week, 
representing the period of maximal risk for reinfarction. 
Specifically, in DAVIT-I the incidence of death due to 
cardiogenic shock or pulmonary edema, or both, compli- 
cating infarction was 5.3%, somewhat higher than in the 
placebo-treated patients (3.2%). These results of DA- 
VIT-I may have been influenced by the use of large 
intravenous doses of the drug and by the absence of 
thrombolytic therapy, which would be expected to both 
reduce the potential risk of the development of cardiogen- 
ic shock and increase the risk of reinfarction. Therefore, 
there is a need to reevaluate this area of therapeutics. We 
prospectively examined the incidence of potential drug- 
associated adverse events in consecutive patients treated 
with intravenous or oral verapamil, or both, in the early 
management of suspected AMI. We also sought to deter- 
mine potential clinical parameters predisposing to the 
occurrence of such adverse outcomes. End points includ- 
ed death, significant bradyarrhythmia requiring treat- 
ment due to hemodynamic compromise and symptomatic 
left ventricular failure. Frequency of these outcomes was 
expressed as a percentage with 95% confidence intervals 
(CI). Correlates between 12 prospectively chosen clinical 
variables and individual end points were determined us- 
ing multiple logistic regression. 

Of 594 consecutive patients with suspected AMI ad- 
mitted to the coronary care unit of a major teaching 
hospital between January 1, 1991 and December 31, 
1991, 335 (56.4%) received verapamil within the first 24 
hours of admission and in the majority of patients, with- 
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in the first 2 hours. Among the remaining 259 patients 
(43.6%), the immediate use of verapamil was contraindi- 
cated in 74 (28.6%) due to hypotension, right ventricular 
infarction, symptomatic pulmonary congestion or known 
clinically significant left ventricular systolic dysfunc- 
tion. Severe bradycardia or atrioventricular conduction 
disturbance precluded its use in 12 patients (4.6%). 
Therapy with other calcium antagonists was continued 
or begun in 63 (24.3%) and B-adrenoceptor antagonists, 
either in combination with other calcium antagonists or 
alone, were continued or instituted in 90 patients 
(34.7%). Neither a calcium antagonist nor a B-adreno- 
ceptor antagonist was prescribed in 21 patients (8.1%) by 
physician choice. No patient received verapamil and any 
B-adrenoceptor antagonists concurrently. 

The 335 patients receiving verapamil within the first 
24 hours of admission had a mean age of 62 + 11 (SD) 
years (range 26 to 82 y) and 67% were men. Previous Q- 
wave infarction was noted on admission electrocardio- 
gram in 15.5%. Threatened infarct site was anterior in 
45% of cases, inferoposterior in 39.5% and uncertain 
(because of nonspecific electrocardiographic changes or 
bundle branch block) in 15.5%. Evolution of AMI was 
confirmed in 52% of the group; the mean peak creatine 
kinase level was 1,678 + 1,357 IU/liter in this group and 
35% of patients had Q-wave infarcts. 

Intravenous or oral (240 to 360 mg/day) verapamil, 
or both, was administered as previously described.’ The 
initial intravenous administration of verapamil (29.3% 
of patients studied) at 1 mg/min up to a maximum of 5 
mg, or a decrease in systolic blood pressure to 100 mg Hg 
was restricted to patients with transmural ischemia, 
without contraindications to verapamil and no B-adre- 
noceptor antagonist therapy in the preceding 24 hours, 
and usually associated with thrombolytic therapy. Other 
concomitant cardiac pharmacotherapy included intrave- 
nous streptokinase in 29.3%, and intravenous or oral 
long-acting nitrates, or both, in 95.8% of patients; 16.1% 
of patients had received B-adrenoceptor antagonists 
within the previous 24 hours. 

Among patients treated with verapamil, the clinical 
findings on arrival to the coronary care unit included a 
mean systolic blood pressure of 139 + 26 mm Hg (range 
55 to 240) and mean heart rate of 76 + 15 beats/min 
(range 25 to 130). No patient received verapamil until 
resolution of initial hypotension or bradycardia, or both. 
Asymptomatic pulmonary congestion diagnosed on 
chest x-ray or the finding of basal lung crackles on 
auscultation was noted in 7.5%. 

Over the subsequent 3 days, one or more significant 
adverse events including death, symptomatic bradycar- 
dia requiring treatment or symptomatic left ventricular 
failure occurred in 37 patients (11.0%, 95% CI: 8.1 to 
14.8%). Eight patients (2.4%, 95% CI: 1.2 to 4.6%) died 
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TABLE I Significant Correlates of Adverse Outcome During the 
First Three Days After Onset of Infarction in Patients Treated 
with Verapamil* 


End Point 


Left Ventricular 


Clinical Variable Bradyarrhythmia Failure 


Mean peak serum 9.2 
Creatine kinase (1.4-61.6) 
Q-wave infarct 31.3 7.1 
(3.4—291.9) (1.4—37.2) 
Past Q-wave infarct 3.6 
(1.0—12.7) 
12.8 
(2.8—59.6) 
29.7 
(4.3—40.5) 
*Odds ratio and 95% confidence intervals are given for all parameters correlating 
(p <0.05) with the prospectively designated end points. Parameters used in multiple 
Geen regression were: (1) age, (2) sex, (3) past Q-wave infarction, (4) Q-wave 
infarction, (5) peak serum creatine kinase, (6) use of intravenous verapamil, (7) use of 
thrombolytic therapy, (8) use of B-adrenergic receptor antagonists within the previous 
24 hours, (9) initial systolic blood pressure <100 mm Hg, (10) initial heart rate 


> 100 beats/min, (11) initial heart rate <60 beats/min, (12) and initial pulmonary 
congestion. No significant correlates were found for death. 


Initial heart rate 
(> 100 beats/min) 
Initial pulmonary congestion 


because of development of cardiogenic shock in 3 and 
sudden onset of electromechanical dissociation due to 
confirmed or presumed cardiac rupture in 5. Sympto- 
matic bradyarrhythmias (sinus bradycardia or atrioven- 
tricular block) occurred in 15 patients (4.5%, 95% CI: 
2.7 to 7.3%). In 4, the bradycardia immediately preceded 
the onset of electromechanical dissociation. Twenty-one 
patients (6.3%, 95% CI: 4.3 to 8.7%) developed sympto- 
matic left ventricular failure requiring treatment; 2 of 
these died within 3 days. 

Correlations between patient characteristics and inci- 
dence of adverse events are summarized in Table I. No 
variables were significantly predictive of death, probably 
reflecting type II error. However, the most common 
cause of death was not cardiogenic shock as was the case 
in the DAVIT I study,’ but cardiac rupture. Bradyar- 
rhythmias were significantly associated with larger in- 
farcts as was subsequent left ventricular failure. The 
strongest predictor of the development of left ventricular 
failure was initial pulmonary congestion; tachycardia 
(possibly representing hemodynamic response to incipi- 
ent left ventricular failure) was also predictive of this 
adverse event. Both previous and current transmural in- 
farction were also significant correlates of the develop- 
ment of left ventricular failure. 





In summary, early mortality in this group of verapa- 
mil-treated patients tended to be lower than in previously 
reported similar studies.’? Furthermore, the incidence of 
cardiogenic shock in this group of verapamil-treated pa- 
tients also was low (0.9%). Nonfatal deterioration of he- 
modynamic function occurred more often, and was pre- 
dicted by initial clinical parameters, suggesting potential 
for hemodynamic compromise. This is consistent with 
previous experience with both verapamil? and diltiazem,‘ 
but does not necessarily represent a contraindication to 
the use of this class of drugs. The use of thrombolysis (in 
29% of the study group) does not explain the low mortali- 
ty. This disparity between our observations and the early 
results of DAVIT-I’ and International Study of Infarct 
Survival-2? — while it may partially reflect differences in 
patient selection — may be explained by the more cau- 
tious use of intravenous verapamil, the extensive use of 
thrombolysis for patients at risk of large infarcts, and 
perhaps synergistic cardioprotective effects between ve- 
rapamil and nitroglycerin.®!° 

Our data therefore suggest that the potential disad- 
vantages of verapamil treatment early in the course of 
AMI can be minimized. The potential benefits of such 
treatment therefore require reexamination in a large pla- 
cebo-controlled trial. 
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Effects of Morbid Obesity and Diabetes Mellitus on Risk of Coronary 


Artery Bypass Grafting 


Dominick Gadaleta, MD, Donald A. Risucci, PhD, Roy L. Nelson, MD, Anthony J. Tortolani, MD, 
Michael Hall, MD, Vincent Parnell, MD, Christopher Chiodo, BS, and Stephen Green, MD 


Om has been identified as an independent risk 
factor for cardiovascular disease!~* and the occur- 
rence of complications of coronary artery bypass grafting 
(CABG).>* A study was designed to determine if the 
risks associated with morbid obesity should alter the indi- 
cations for CABG, the operative strategy or the postoper- 
ative care. 

Between November 1985 and April 1990, 1,540 pa- 
tients underwent open heart surgery at North Shore Uni- 
versity Hospital-Cornell University Medical College. 
Of these patients, 1,118 had CABG with or without 
mammary artery conduit as their operative procedure. 
The charts of 56 consecutive morbidly obese patients 
(>150% of ideal body weight) undergoing CABG were 
identified and reviewed. Fifty-six randomly selected, 
age-, sex- and height-matched patients of normal weight 
(<120% of ideal body weight) who underwent CABG 
during the same period were used as the comparison 
group. Body mass index was calculated as weight 
(kg)/height? (m°). Risk factors (systemic hypertension, 
diabetes mellitus and tobacco use), catheterization and 
intraoperative data, and complications after surgery 
were recorded. Follow-up was completed by structured 
interviews of patients or their physicians, or both. 
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TABLE I| Descriptive Statistics 


Morbidly Obese Normal Weight 
(n = 56) (n = 56) 





Matched variables 


Age (year)* 60 +7 61+7 
Women (%) 41 41 
Height (cm)* 173 +10 173 + 10 
Unmatched variables 

Weight (kg)*t LES 11 eet) 
Body mass index*t 38 +3 26+2 
% ideal body weightt 168 114 
Ejection fraction* 62+18 68 + 15 
Tobacco use (%)t 39 67 
Hypertension (%) 59 45 
Diabetes (%)t 39 14 
Pump time (min)* 94 + 39 83 + 22 
Number of grafts” DEl orl 
Internal mammary artery (%)T 53 35 
Length of stay (days)T 16 + 16 11+ 10 
Mortality (%) 3.6 0 


*Mean + SD. 
tp <0.001. 


All patients underwent CABG using systemic hypo- 
thermia and blood cardioplegia. Cefazolin (1 g) or van- 
comycin (500 mg) was administered on call to the oper- 
ating room and for 48 hours after surgery. 

Complications after surgery were recorded as they 
occurred by nurse clinicians on a separate chart and 
included (but were not limited to): prolonged ventilation 
(>24 hours after surgery), sternal wound infection, 
stroke, myocardial infarction, deep vein thrombosis, 
pulmonary embolus, prolonged inotropic support (>24 
hours after surgery) and intraaortic balloon counterpul- 
sation. 

Study groups were compared by Student's correlat- 
ed-groups t test for continuous variables, and by the chi- 
square statistic for categoric variables. Discriminant 
analysis was used to differentiate morbidly obese pa- 
tients who had complications after surgery from those 
who did not, on the basis of preoperative risk factors. 

Table I describes and compares groups with respect 
to demographics, risk factors and hospital course. Dif- 
ferences in the incidence of complications (Table II) were 
not statistically significant. Table III summarizes the 
data related to follow-up. 

Diabetes mellitus (p <0.002) and body mass index (p 
<0.05) were the only preoperative factors that were sig- 
nificant independent predictors of complications in the 
discriminant analysis. 

Patients with both morbid obesity and diabetes had 
(on average) a significantly longer length of stay (28 + 
21 vs 15+ 11 days; p <0.05) and were significantly more 


TABLE H Number of Patients with Complications in Each 
Group 


Morbidly Obese Normal Weight 
6 0 


Sternal wound infection 
Ventilator dependence 
Inotropic support > 24 hours 
Myocardial infarction 

Stroke 


Pulmonary embolus 
> 1 complication 


TABLE WU Descriptive Statistics: Follow-Up Variables After 
Discharge 


WOON P On 
DO ra bM OO P wo 


— 








Morbidly Obese Normal Weight 
(n = 54) (n = 54) 
Follow-up (%) 100 96 
Months*t 29+17 Sak 15 
Angina-free (%) 76 83 
Return to work (%) 76 80 
Mortality (%) ll 13 


Sp <0.001. 
tMean + SD. 
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likely to have =1 complication after surgery (46 vs 11%; 
p <0.01) than were nondiabetic obese patients and all 
comparison patients. 

Koshal et al? examined the effects of obesity on the 
outcome of CABG in their prospective study of obese 
patients (mean 133% of ideal body weight) in Ottawa, 
Canada. They compared 101 control patients with 99 
obese patients and found an increased incidence of wound 
infections in the obese, whereas length of stay and opera- 
tive mortality were similar between groups. However, 
that study and others did not specifically investigate the 
risks of morbid obesity. Therefore, both cardiologists and 
cardiac surgeons continue to favor nonoperative manage- 
ment of morbidly obese patients with coronary artery 
disease. Because these patients are less likely to be re- 
ferred for cardiac catheterization and CABG than sub- 
jects with normal weight, they are more likely to need 
urgent or emergent surgery that places them at relatively 
increased risk. The current study, to our knowledge, is the 
first to specifically address morbid obesity as the sole 
determinant of outcome after coronary bypass, using a 
matched-groups design. 

Of the risk factors for coronary disease, diabetes mel- 
litus was more frequent in obese patients. The proportion 
of female patients was approximately double and the 
average age 4.5 years younger than were those of the 
average CABG patient during the study period. Whereas 
female sex, normal weight, absence of diabetes mellitus, 
and youth generally contribute to decreased risk of coro- 
nary disease, the greater incidence of tobacco use in the 
comparison group appears to have resulted in a similar 
spectrum of cardiovascular disease between the study 
groups. This was evident by the comparable ejection frac- 
tion, number of bypass grafts, and pump time reported. 

Most patients were extubated by the first day after 
surgery; a similar number in both groups needed ventila- 
tory support >24 hours. No comparison patient needed a 
surgical airway; however, 2 of 3 morbidly obese patients 
who remained intubated for >7 days underwent formal 
tracheostomy. Both of these patients later died, 1 of pneu- 
monia, and the other of sternal wound sepsis present 
before tracheostomy. 

Sternal wound infection was the major morbidity in 
the current study. It occurred in 6 obese patients and in no 
comparison patient. Two obese patients needed operative 
sternal debridement. Although not specifically examined 
in this study, several factors including the increased inci- 
dence of diabetes and the greater tendency toward mam- 
mary artery reconstruction in the obese may account for 
this finding. 

The increased length of stay for morbidly obese pa- 
tients most likely reflects the increased efforts needed to 


ambulate these patients after surgery. Most patients were 
discharged home only after exhibiting adequate, indepen- 
dent ability to perform activities of daily living. Extra 
attention was given to early ambulation and pulmonary 
toilet, and was rewarded by a low pulmonary morbidity 
rate (11% for both groups). 

Discriminant analysis did not differentiate overall be- 
tween patients with and without complications. However, 
for morbidly obese patients, the combination of diabetes 
and increased body mass index increased the probability 
of complications and prolonged the length of stay. 

Follow-up analyses found no significant group differ- 
ences in recurrence of angina, ability to return to work, or 
death after discharge. To achieve an adequate match, 
patients operated on earlier in our experience were in- 
cluded. This resulted in a significantly longer follow-up 
interval and also a decreased number of mammary artery 
reconstructions in the comparison group. This represents 
a weakness in the study, which was necessary to match 
patients by age, sex, height and cardiac function. More 
patients in the comparison group were chosen from the 
first year of the study before our routine use of mammary 
arteries. Currently, our internal mammary artery use 
approaches 90% for all patient groups. These factors 
should be considered in interpreting the results. 

Morbidly obese patients have greater incidences of 
associated disease and wound complications and in- 
creased postoperative length of stay compared with those 
of age-, sex- and height-matched control subjects. The 
combination of obesity and diabetes is associated with 
increased post-operative complications after surgery. 
However, immediate and long-term results are similar 
between morbidly obese and normal weight groups. We 
conclude that CABG should be offered to morbidly obese 
patients, because it can be performed with a mortality 
rate, morbidity and return to productive life comparable 
to that of nonobese patients. 
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Respiratory Variation of Heart Rate and Systolic Arterial Pressure in 


Adults with Atrial Septal Defect 


Markku Kupari, MD, Juha Virolainen, MD, and Markku Ventila, MSc 


eart rate (HR) variation with respiration (sinus ar- 

rhythmia) is believed to be minimal or absent in 
adults with atrial septal defect (ASD), but there is no 
valid proof.! Therefore (and because the way an interatri- 
al communication modifies sinus arrhythmia is of physio- 
logic interest), we studied short-term HR variation in 
time and frequency domains in adult patients with ASD, 
and in age- and sex-matched healthy subjects. The varia- 
tion of noninvasively recorded systolic arterial pressure 
also was quantified. 

All adult patients followed-up at our institution be- 
cause of an unoperated ASD were eligible for the study 
if they were free of cardiac failure, pulmonary hyper- 
tension, other coexistent, hemodynamically significant 
heart disease and diseases known to cause autonomic 
neuropathy. The study group comprised 16 patients (10 
women and 6 men, aged 19 to 59 years, mean 33). The 
diagnosis of ASD was based on clinical and radiologic 
findings, and on observations made at echocardiography 
(n = 11) or cardiac catheterization (n = 5). Six patients 
had an rSR configuration of QRS complex on 12-lead 
electrocardiogram, but none had atrioventricular con- 
duction defects or a QRS duration >0.12 second. One 
patient was receiving a thiazide diuretic, but no other 
had any cardioactive drug therapy. The pulmonary-to- 
systemic flow ratio averaged 2.2 ina peripheral indicator 
dilution study (range 1.5 to 4.0). 

For a control group, we studied 16 subjects (9 women 
and 7 men, aged 20 to 57 years, mean 33). Control 
subjects were healthy on the basis of clinical examina- 
tion, echocardiographic study and 12-lead electrocar- 
diogram; none was receiving regular drug therapy. 

All studies were performed in the cardiovascular lab- 
oratory between 1230 and 1800 hours. Subjects were ina 
postabsorptive condition, and had avoided alcohol for 24 
hours, and coffee drinking and smoking for 4 hours 
before the study. For monitoring and recording of an 
electrocardiogram, we used a bipolar lead producing 
dominantly positive R-wave deflections. For the mea- 
surement of arterial blood pressure, we used an Ohmeda 
2300 Finapres device that determines finger arterial 
pressure continuously using the vascular unloading 
technique.’ The finger cuff was applied to the middle 
finger or thumb of the left arm and maintained at the 
midchest level. The use of this system in studies of blood 
pressure variability has been documented,’ and our own 
studies indicate that compared with intraaortic pressure 
monitoring, the Finapres device produces reliable data 
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on acute changes in blood pressure with changes in intra- 
thoracic pressure.* 

HR and blood pressure variation were studied during 
both quiet and deep breathing. Subjects first rested in the 
supine position for 20 minutes. While remaining supine, 
subjects then breathed quietly at their spontaneous regu- 
lar frequency for 5 to 7 minutes. Thereafter, they per- 
formed a deep breathing test that comprised 4 successive 
deep respiratory cycles (maximal tidal volume) with a 
frequency of 6/minute (5 s inspiration, 5 s expiration). 
During both quiet and deep breathing, continuous elec- 
trocardiographic and finger arterial pressure signals 
were stored in the memory of an IBM PC/AT-compati- 
ble microcomputer, using an analog-to-digital converter 
with a sampling frequency of 200 Hz and an amplitude 
resolution of 12 bits. 

All analyses of HR and blood pressure variability 
were performed with a commercially available computer 
program (CAFTS, Medikro Inc., Kuopio, Finland). The 
stored digital electrocardiograms were used to compute 
beat-to-beat RR intervals and an RR-interval tacho- 
gram. QRS detection was based on time and amplitude 
thresholding of a differentiated and band-pass filtered 
(20 to 120 Hz) electrocardiographic signal. To improve 
temporal resolution of QRS detection, R-peak interpo- 
lation with a 9-point second order polynomial fit was 
performed. Before the interpolation, the results of auto- 
matic QRS detection were checked beat-by-beat on the 
computer screen and corrected manually if necessary. 
The continuous finger arterial pressure signal was treat- 
ed with a moving average filter (weighing coefficients 1, 
2, 3, 2, 1) before extraction of the beat-to-beat data. 
Systolic arterial pressure was defined as the peak pres- 
sure value during each RR interval, and diastolic pres- 
sure as the minimal value between the time point of peak 
pressure and the preceding QRS complex. 

Graphic displays of beat-to-beat RR intervals and 
finger arterial pressure were viewed to Select a stationary 
segment of a maximum of 256 beats for assessment of 
RR interval and systolic blood pressure variability dur- 
ing quiet breathing (Figure 1A). The RR intervals and 
systolic as well as diastolic arterial pressures were aver- 
aged over the selected time period, and the root-mean- 
square difference between successive RR intervals was 
calculated. The power spectral density function (Figure 
1B) was determined using autoregressive modeling 
(model order 18). Detrending of the signals was per- 
formed using least-mean-square fitting to the beat-to- 
beat data. The total power (variance) of each signal was 
determined over all frequencies from 0.00 to 0.5 Hz - 
(frequency equal to mean RR interval) and, in addition, 
separately in the medium- (0.07 to 0.15 Hz) and high- 
(>0.15 Hz) frequency bands. Because both the root- 
mean-square successive RR interval difference and the 
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power data were grossly skewed toward higher values, 
log-transformed data (dimensionless units) were used in 
all statistical comparisons. 

HR at rest (mean + SD) was 69 + 9 beats/min in 
patients with ASD compared with 61 + 6 in control 
subjects (p = 0.007), but there was no Statistically sig- 
nificant difference in mean systolic (142 + 11 vs 135 + 
10 mm Hg) or diastolic (77 + 9 vs 77 + 7 mm Hg) finger 
arterial pressure. Two patients with ASD were excluded 
from the power spectral analyses because of nonstation- 
ary beat-to-beat data due to rhythm disturbances. Dur- 
ing quiet breathing, HR variation was less in patients 
with ASD than in control subjects, but there was no 
comparable difference in the variability of systolic arte- 
rial pressure (Table I). During deep breathing, the expir- 
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atory-inspiratory difference in instantaneous HR was 
less in patients than in control subjects (19 + 7 vs 24 + 5 
beats/min; p = 0.02), but the simultaneous change in 
systolic arterial pressure was not different (14 + 4 vs 16 
+ 3 mm Hg; p >0.1). 

In power spectral analysis of HR variation, the power 
over the highest frequencies of RR interval oscillation 
(>0.15 Hz) reflects vagally mediated respiratory varia- 
tion. Thus, the difference between patients and control 
subjects in the log high-frequency RR-interval power 
(Table I) indicates blunting of respiratory HR variation 
in patients with ASD. The smaller log root-mean-square 
of differences between successive RR intervals and the 
smaller instantaneous HR change during deep breathing 
further support this conclusion. The greater HR in pa- 





RRI power spectral density 


FIGURE 1. Example of power spectral 
analysis of RR interval (RRI) and systolic 


during quiet breathing. Top, graphic dis- 
play of beat-to-beat RR intervals (upper 
panel) and SAP, and mean (MAP) and dia- 
stolic (DAP) finger arterial pressures (low- 
er panel) during 6-minute recording in 
healthy subject. Segment between vertical 
dashed and dotted lines, consisting of 
254 cycles, was chosen for power spectral 
analysis. Bottom, power spectral density 
function of RR intervals (upper panel) and 
SAP (lower panel). Area under curve rep- 
resents power. Two vertical lines mark 
limits (0.07 and 0.15 Hz) of 3 prespecified 
frequency bands. Note peaks at respira- 
tory frequency (0.22 Hz) in both RR inter- 
val and SAP variation. 


1616 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 DECEMBER 15, 1992 


TABLE I Variability of Heart Rate and Finger Arterial Systolic 
Pressure During Quiet Breathing in Patients with Atrial Septal 
Defect, and in Age- and Sex-Matched Healthy Subjects 


Healthy 
Subjects 
(n = 16) 


Pts. with Atrial 
Septal Defect 


Measurement (n = 16)* 


988 + 112 
3.9 + 0.6 


875 + 119 
3.3 + 0.5t 


RR interval (ms) 
Log root-mean-square successive 
RR interval difference 
Log RR interval power 
0.0-0.5 Hz - (103/mean RR 
interval) 
0.07—0.15 Hz 
0.15—0.5 Hz: (103/mean RR 
interval) 
Log systolic arterial pressure 
power 
0.0-0.5 Hz : (103/mean RR 
interval) 
0.07—0.15 Hz 
0.15—0.5 Hz: (103/mean RR 
interval) 


7.0 + 0.7t 


5:1 + 0.7 
6.3 + 0.74 


*n = 14 in power spectral analysis. 
tp <0.05; tp <0.01 compared with healthy subjects (Student's t test). 
Data are mean + SD; log-transformed data are presented in dimensionless units. 





tients with ASD may explain part of these group differ- 
ences, but not entirely, because the deep breathing 
change in HR is independent of the prevailing HR.’ 
The development of sinus arrhythmia is unknown in 
detail, but in addition to central control mechanisms and 
the function of baroreflex arc, stretch receptors in the 
lungs and the atria of the heart may be involved.* The 
normal respiratory variation of right atrial size is absent 
in patients with ASD,’ and reduced expiratory-inspira- 
tory fluctuation of vagal afferent flow from the atrial 
mechanoreceptors could contribute to the reduction of 
beat-to-beat HR variation. Sinus node dysfunction is a 
relatively frequent finding in ASD, even before surgery,'° 


and blunting of the sinus node responses to autonomic 
stimuli could also result in less respiratory HR variation. 
Patients with ASD had increased HR in addition to de- 
creased HR variation, which suggests altered sympatho- 
vagal balance as 1 possible explanation for our findings. 
Because of the noninvasive design of this study, we could 
not include electrophysiologic measurements or invasive 
quantification of atrial pressures and volumes during res- 
piration. 

In summary, adult patients with ASD have less res- 
piratory HR variation than do age-matched healthy sub- 
jects. By contrast, there is no blunting of respiratory 
variation of systolic blood pressure in ASD. 


Acknowledgment: We thank Kalevi Pyörälä, MD, for 
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Body Surface Laplacian Mapping of Cardiac Electrical Activity 


Bin He, PhD, and Richard J. Cohen, MD, PhD 


ardiac electrical activity is distributed over the 3- 

dimensional volume of the myocardium. Ideally one 
would like to be able to map the 3-dimensional distribu- 
tion of cardiac electrical activity in the heart at each point 
in time during the cardiac cycle. The conventional elec- 
trocardiogram and vectorcardiogram provide a highly 
degenerate representation of cardiac electrical activity. 
The body surface potential map (BSPM) involves the 
measurement of the potential at many points on the body 
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surface in an attempt to characterize the distributed na- 
ture of cardiac electrical activity.!-7 Although the BSPM 
has been shown by a number of investigators to reliably 
identify major single cardiac events its ability to resolve 
spatially separated bioelectrical events is limited*® be- 
canse SÉ the smoothing effect of the torso volume conduc- 
tor 2. 

The fundamental limitation to interpreting the BSPM 
in terms of cardiac electrical events is the nonuniqueness 
of the electrocardiograph inverse problem.'! One can 
generally represent the heart as a bioelectrical source in 
terms of a 3-dimensional distribution of electrical dipoles. 
One can prove that any given body surface potential 
distribution does not uniquely specify a specific 3-dimen- 
sional electrical dipole source distribution. Whereas the 
epicardial potential distribution has been estimated from 
the BSPM,!2:!3 such inverse calculations require detailed 
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geometric information'* and are mathematically ill- 
posed. Furthermore, the epicardial potential distribution 
itself does not specify the distribution of bioelectrical 
sources within the heart. The ability to image cardiac 


range of cardiac abnormalities, specifically ischemia, in- 
farction and cardiac rhythm disturbances. 

We have developed a new approach to mapping spa- 
tially distributed cardiac electrical events noninvasively 


by measuring the 2-dimensional Laplacian of the poten- 
tial on the body surface.'>!© The 2-dimensional Lapla- ` 
cian of the potential is the second spatial derivative of the 
electrical potential on a surface and provides a 2-dimen- 
sional-type projection image of the 3-dimensional distri- 
bution of cardiac electrical sources onto the body sur- 
face.!6 The 2-dimensional Laplacian of the potential map 
may also be interpreted as an equivalent charge density 
distribution. A depolarization wavefront perpendicularly 
approaching a point on the chest wall will generate a 
positive equivalent charge density at that point; a depolar- 
ization wavefront tangential to the chest wall will gener- 
ate a parallel double layer of positive and negative equiva- 
lent charge density overlying the wavefront. The purpose 
of the present study is to investigate body surface Lapla- 
cian maps (BSLMs) during normal and abnormal cardi- 
ac beats in humans and to test the hypothesis that body 
surface Laplacian mapping can relate body surface re- 
cordings to regional myocardial events. 

BSLMs were obtained on 5 young male subjects with 
normal resting electrocardiograms and 2 subjects with 


a b C 
FIGURE 2. Body surface Laplacian maps through entire cardiac cycle obtained from a young healthy male subject. Sixty-four 
circular bipolar ian electrodes were arranged in a rectangular area of 14 X 27 cm covering both the anterior left and right 
chest (see Figure 1). The maps are represented by 15 color levels as shown in the right side of the figure. The surface Laplacian 
is depicted in a color scale with the sequence from blue, dark green, light green, yellow and red representing values from nega- 
tive to positive. Light green represents zero signal. The maximal signal amplitude (red) is 0.023 mV/mmĉ in a, 0.16 mV /mmĉ in 
b to d, and 0.053 mV/mm? in e to f. Lead | electrocardiogram was simultaneously recorded and is displayed at the bottom of 
the maps serving as a time marker. Vertical cursor overlapping with lead I electrocardiogram depicts corresponding phase of the 
map in various stages of the cardiac cycle. Vertical thick blue bar between the map and lead I electrocardiogram shows position 
of the sternum of the subject. Maps are presented as if subject is facing observer: a, atrial depolarization — a dipolar activity is 
observed superiorly overlying the subject’s midline anatomically over the right atrium; b, ventricular depolarization — 22 ms af- 
ter the onset of the QRS complex. Activity is observed just to the left of the subject’s midline in the region (A) overlying the right 
ventricular free wall: c, 28 ms after the onset of the QRS complex; in addition to the activity observed just to the left of the sub- 
ject’s midline, another region (B) of activity is observed in the left lateral chest in the area overlying the left ventricular free wall; 
d, 38 ms after the onset of the QRS complex. A third region (C) of activity has developed superiorly overlying the subject’s mid- 
line in the area overtying the outflow tract of the right ventricle; e, ventricular repolarization 210 ms after the onset of the QRS 
complex. In early ventricular repolarization, activity is observed in region A overlying the right ventricle where similar activity 


was observed during early ventricular depolarization (see b); f, 262 ms after the onset of the QRS complex. Activity is observed 
in the 3 regions (A to C) where activity had been observed during ventricular depolarization. 


electrical activity noninvasively from the body surface 
could greatly enhance our ability to diagnose a wide 
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FIGURE 1. Configuration of the Laplacian electrodes used in 
the present study. Dark circles refer to the positions of the 
electrodes on the anterior chest. Signals in locations indicated 
pd open circles were extrapolated from neighboring elec- 
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left bundle branch block. Studies were performed in the 
Massachusetts Institute of Technology Clinical Re- 
search Center, according to a protocol approved by the 
Massachusetts Institute of Technology Human Studies 
Committee. All subjects gave written informed consent. 

Bipolar concentric circle electrodes,!’'° “Laplacian 
electrodes,” each consisting of a central conductive AgCl 
disk (diameter 8 mm) and a concentric conductive AgCl 
ring (inner diameter 12 mm, outer diameter 15 mm), 
were used to measure the surface Laplacian of the poten- 
tial on the body surface.!>-!° A pad with 64 dry circular 
Laplacian electrodes was placed covering both the right 
and left anterior chest of the subject after skin prepara- 
tion using rubbing alcohol. The electrode positions on 
the anterior chest are depicted in Figure 1 where dark 
circles refer to the positions of the electrodes. The poten- 
tial difference between the central disk and the outer ring 
of each electrode, which is negatively proportional to the 
2-dimensional Laplacian of the potential at the center of 
the electrode!>! was amplified and filtered using Nihon 
Kohden Bioelectric Amplifiers AB-601G. The frequency 
band of the filter was 0.5 to 200 Hz. The conditioned 
signals were multiplexed and underwent analog-to-digi- 
tal conversion at a sampling frequency of 500 Hz using a 
32-bit workstation (Concurrent 5450). Lead I electro- 
cardiogram was also measured using conventional uni- 
polar electrodes as a time reference. Baseline for each 
individual channel was adjusted by subtracting for each 
channel its average signal value over the duration of the 
PR segment in the lead I (or lead II in patients with left 
bundle branch block) electrocardiogram. BSLMs were 
constructed at each time point in the cardiac cycle from 
the 64 electrode signals using a 2-dimensional interpola- 
tion algorithm for spatial smoothing, and presented us- 
ing a 15-level color scale of signal amplitude. 





a 


In Figure 2 typical BSLMs are shown at selected 
points in time during the cardiac cycle including atrial 
depolarization, ventricular depolarization and repolar- 
ization for subject 1. Each map represents the spatial 
distribution of the surface Laplacian on an area of 14 by 
27 cm on the anterior chest overlying the heart (Figure 
1). The lead I electrocardiogram is plotted under the 
spatial map to serve as a time marker. The vertical thick 
blue bar between the spatial map and lead I electrocar- 
diogram indicates the position of the sternum. The phys- 
ical unit of the surface Laplacian is mV/mm?. Note that 
atrial activity in the BSLM (Figure 2a) is limited to the 
region of the chest overlying the atria and is not found 
elsewhere, indicating the ability of the BSLM to spatial- 
ly resolve cardiac electrical events. In contrast, atrial 
activity in the BSPM appears to be measured diffusely 
over the body surface (Figure 3a). 

Figures 2b, 2c and 2d correspond to 3 stages of ven- 
tricular depolarization. These figures illustrate the se- 
quential activation of 3 discrete regions located: (A) just 
to the left of the subject’s midline, (B) in the left lateral 
chest, and (C) superiorly overlying the subject's midline. 
On an anatomic basis one can tentatively associate these 
regional activations with the right and left ventricle free 
walls, and right ventricle outflow tract. This activation 
sequence during ventricular depolarization as observed 
in the BSLM coincides with the activation sequence 
on the epicardial surface observed in isolated human 
hearts!’ and in open chest recordings of human subjects 
without conduction abnormalities.” Depolarization is 
initiated on the endocardial surface of the ventricles. 
Epicardial breakthrough is generally first achieved on 
the right ventricular free wall and later on the left ven- 
tricular free wall. 

Figures 2e and 2f illustrate the BSLM during ven- 
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FIGURE 3. a, body surface potential map during atrial depolarization obtained from subject from Figure 2. Same electrode ar- 
ray and display method are used as in Figure 2. Potentials were measured from the central conductive disks of the circular Lap- 
lacian electrodes in reference to Wilson’s central terminal. The maximal potential (red) was 0.25 mV. Notice that activity ob- 
served in body surface potential map is widely distributed compared with the localized pattern in body surface Laplacian map 
(Figure 2a). b, body surface Laplacian map during ventricular depolarization obtained from a patient with left bundle branch 
block. Lead Il electrocardiogram is depicted under the map and the vertical cursor shows the time point 38 ms after the onset of 
the QRS complex. Compared with normal activation pattern (as shown in Figure 2d), activity is observed in the right but not in 
the left ventricular area. This illustrates the abnormal conduction pattern associated with left bundle branch block. The maximal 


signal amplitude (red) was 0.11 my im, 
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tricular repolarization. Notice that the pattern of ven- 
tricular repolarization appears to recapitulate the pat- 
tern of ventricular depolarization. 

BSLMs during ventricular depolarization and repo- 
larization obtained in normal subjects were highly re- 
producible and quite similar from one subject to the 
next. The 3 regions of activity could be identified in all 
subjects. In 4 of the 5 subjects, region A was activated 
first during ventricular depolarization. In the fifth sub- 
ject, regions A and B were simultaneously activated. In 4 
of the 5 subjects region B was activated before region C. 

Figure 3a depicts a typical BSPM during atrial depo- 
larization of subject 1 using the same electrode configu- 
ration as Figure 2. This image was constructed from the 
unipolar potentials recorded from the central conducting 
disks of the Laplacian electrode in reference to Wilson's 
central terminal. Notice the smeared nature and lack of 
spatial resolution of the BSPM compared with the 
BSLM as shown in Figure 2a. Figure 3b shows a typical 
BSLM during ventricular depolarization in a patient 
with left bundle branch block. Notice that the regions (A 
and C) overlying the right ventricle free wall and right 
ventricle outflow tract are activated, but no activity is 
seen over the left lateral region (B) corresponding to the 
left ventricle free wall. At the corresponding time, after 
the onset of depolarization (see Figure 2d) in normal 
subjects, this left lateral area (B) would be activated. In 
the 2 patients with left bundle branch block, left ventric- 
ular activation was delayed and/or diminished in intensi- 
ty as observed in the BSLM. This finding helps confirm 
the ability of the BSLM to resolve right and left ventric- 
ular activity. 

The BSLM provides (1) sufficient spatial resolution 
to enable one, for the first time, to map regional myocar- 
dial events from the body surface; (2) much enhanced 
lateral resolution compared with the BSPM; and (3) 
much greater depth resolution than the BSPM. The 
BSLM tends to greatly emphasize sources located closest 
to the recording Laplacian electrode.!® In contrast, the 
BSPM tends to sum electrical activity from the entire 
heart. The enhanced spatial resolution of the BSLM 
compared with the BSPM is most dramatically demon- 
strated during atrial depolarization (Figures 2a and 3a). 
The BSLM is able to resolve right and left ventricular 
depolarization and detect the activation sequence. The 
BSLM of ventricular repolarization demonstrates the 
distributed nature of T-wave activity. On the other hand, 
the BSPM is limited in its ability to resolve the distribut- 
ed nature of ventricular depolarization and repolariza- 
tion. 

The present study demonstrates the ability of body 
surface Laplacian mapping to spatially resolve cardiac 
electrical activity. The BSLM may be interpreted as a 2- 
dimensional equivalent charge density distribution, in 
which the equivalent charge density is a projection of the 
3-dimensional cardiac bioelectrical source distribution 
onto the body surface.'© The spatial resolution of the 
BSLM is currently limited by the spacing of electrodes, 
and could be improved by increased electrode number. 
Mapping of lateral and posterior cardiac activity could be 
accomplished by placing electrodes on the lateral and 
posterior chest walls. Further investigations using more 
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electrodes covering the anterior, lateral and posterior 
chest wall are needed in order to study bioelectrical activi- 
ty from the entire heart. 

By bringing to electrocardiography imaging tech- 
nology capable of anatomically resolving bioelectrical 
sources, body surface Laplacian mapping promises to 
greatly enhance the use of electrocardiography in all its 
current applications. Such applications may include the 
imaging of acute ischemia and acute current of injury by 
examination of the BSLM during the ST segment. In- 
farcted regions may be localized by identifying regions 
with absent ventricular depolarization. Furthermore, it 
might be possible to map abnormalities of impulse initia- 
tion and conduction to localize sites of origin of prema- 
ture atrial or ventricular depolarizations, to localize sites 
of focal tachycardia, and to visualize macroreentrant cir- 
cuits of activity. Thus, body surface Laplacian mapping 
may provide a powerful new imaging tool for cardiovas- 
cular research and for the diagnosis and management of 
cardiovascular disease. 
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Bradykinin Level in the Great Cardiac Vein During Balloon 
Angioplasty of the Left Anterior Descending Coronary Artery 


Michael Eldar, MD, Gerald Hollander, MD, Nancy Schulhoff, RN, Elliot Ohlstein, MD, Alvin Greengart, MD, 


Edgar Lichstein, MD, and Jacob Shani, MD 


hest pain is one of the hallmarks of myocardial ische- 

mia (angina pectoris). Exact mechanisms responsi- 
ble for the production of ischemia-induced pain are not 
clear.! A prevailing hypothesis postulates the activation 
of peripheral nociceptive receptors by substances origi- 
nating in the ischemic myocardium.?~4 Several investiga- 
tors have suggested that bradykinin, one of the most 
potent natural algesic substances, may be responsible for 
anginal pain.>° Kimura et al’ found that coronary liga- 
tion in the dog induces a rapid increase in the coronary 
sinus level of bradykinin. The relation of bradykinin to 
myocardial ischemic pain in humans has not been previ- 
ously reported. We studied the plasma bradykinin level in 
the great cardiac vein during transient myocardial ische- 
mia induced by balloon angioplasty of the left anterior 
descending coronary artery in humans. 

Patients eligible for the study were male and female 
subjects presenting for coronary angioplasty of the left 
anterior descending coronary artery. Patients were ex- 
cluded for any of the following reasons: (1) acute myo- 
cardial infarction within 2 weeks of the study; (2) con- 
duction disturbance with a wide (>120 ms) QRS com- 
plex; (3) low sodium diet (<110 mEq/day); and (4) 
treatment with diuretics, mineralcortico- or glucocorti- 
costeroids, estrogens, adrenocorticotropic hormone or 
oral contraceptive drugs. The study was approved by the 
institutional review board of the Maimonides Medical 
Center and written informed consent was obtained from 
all participating patients. 

The study included 12 patients (8 men), aged 49 to 80 
years (mean 65 + 12), who had severe effort or rest 
angina pectoris, or both. All patients had significant 
narrowing (=80%) of the left anterior descending coro- 
nary artery. Four patients had coronary disease limited 
to the left anterior descending artery, 3 patients had 2- 
vessel and another 5 patients had 3-vessel coronary ar- 
tery disease. The narrowing in the left anterior descend- 
ing artery was distal to the first septal perforator in 9 
patients, and proximal to it in 3 patients. Angioplasty 
was performed using the standard technique, and rela- 
tively long inflation times were used (mean inflation time 
348 + 124 seconds, range 180 to 540). Before the proce- 
dure, a 7Fr multipurpose (Schoonmaker, C.R. Bard) or 
balloon wedge pressure catheter (Arrow International) 
was inserted through the right femoral vein into the 
coronary sinus, and advanced under fluoroscopic guid- 
ance to the great cardiac vein (as confirmed by contrast 
material injection). Pharmacotherapy before angio- 
plasty included pretreatment with aspirin (325 mg/day) 
and intravenous heparin (10,000 U) at the start of the 
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procedure. Intracoronary nitroglycerin 200 vg (10 pa- 
tients) and intravenous morphine sulfate 4 mg (1 pa- 
tient) were administered after achievement of maximal 
pain. Successful dilatation was defined as a residual 
lesion of <40% in 22 angiographic views. 

The subjective intensity of chest pain before, during 
and after the procedure was recorded. The patients were 
asked to grade intensity of chest pain ona I to 10 scale. 
Twelve-lead electrocardiograms were recorded during 
blood collection before, during and after angioplasty and 
the vector and extent of the ST-segment shifts were 
recorded. 

Blood for bradykinin determination was collected 
from the great cardiac vein at baseline (10 to 30 minutes 
(mean 15 + 7) before balloon inflation), at the end of the 
inflation (with the balloon still inflated), and 8 to 13 
minutes (mean 10 + 2) after deflation of the balloon. 
Five milliliters of blood was drawn in a heparinized 
vacutainer and transferred immediately to a polypropyl- 
ene tube containing 15 ml of acetone and kept on ice. The 
tube was subsequently (within 20 minutes) centrifuged 
at 1,000 rpm for 10 minutes and 5 ml of the supernatant 
was transferred to a polypropylene vial and stored at 
—70°C. The plasma bradykinin level was measured by 
radioimmunoassay using a specific antibody directed 
against human bradykinin.’ (Normal range is between 
50 and 500 pg/ml.) 

Thromboxane B2 level was measured in blood col- 
lected from the great cardiac vein of 10 patients in a 
similar manner as that for the bradykinin determination. 
The blood, 0.9 ml, was collected in vials containing 0.1 
ml of indomethacin 30 uM, and ethylene diaminetetra- 
acetic acid 5 mM and stored at —70°C. The thrombox- 
ane B2 level was determined by radioimmunoassay de- 
scribed previously? The normal range is between 250 
and 400 pg/ml. 

Values are given as mean +1 standard deviation. An 
analysis of variance test was used to compare values 
within the study group. Probability (p) values of <0.05 
were considered significant. 

Eleven lesions in the left anterior descending artery 
were successfully dilated while a residual stenosis of 
50% persisted in 1 patient (mean stenosis decreased from 
93% + 6 to 12% + 15, p <0.01). Mean heart rate and 
blood pressure values did not change significantly during 
angioplasty compared with baseline values. None of the 
patients complained of chest pain immediately before 
angioplasty. During balloon inflation, all patients com- 
plained of pain typical of their angina pectoris. The pain 
was graded between 7/10 and 10/10 (mean 9 + 1) and 
abated in all patients by 10 minutes after balloon defla- 
tion. 

Electrocardiographic changes were detected during 
balloon inflation in 10 patients. One had accentuation of 
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baseline negative T waves in leads V2 to Vs accompanied 
by widening of the QT interval from 400 to 500 ms. ST- 
segment elevation in leads V; to V4 occurred in 8 patients 
and achieved a maximum of 1 mV in 2 patients, 3 to 5 
mV in 4 patients and 9 and 10 mV in the other 2 patients. 
ST-segment depression of 1 mV in leads V3 to Vs was 
noted in | patient. All electrocardiograms returned to 
baseline by 10 minutes after balloon deflation. 

The plasma bradykinin level in the great cardiac vein 
was within or below the normal range in all patients 
(except for 1 sample), and no statistically significant 
changes were induced by percutaneous transluminal cor- 
onary angioplasty (p = 0.86) (Figure 1). The mean bra- 
dykinin level was 210 + 61 pg/ml before inflation, 279 + 
134 pg/ml at end-inflation and 242 + 109 pg/ml at 
minutes after balloon deflation. The thromboxane B2 
level was low in all patients studied, and did not change 
significantly during or after the percutaneous translu- 
minal coronary angioplasty procedure (Figure 2). 

The main finding of this study is that myocardial 
ischemic pain of short duration is not associated with 
increase in the bradykinin plasma level in the great cardi- 
ac vein. The study was designed to maximize the ability to 
detect ischemia-induced changes at the bradykinin level: 
coronary balloon inflations were relatively long, and the 
blood for the bradykinin determination was collected 
from the great cardiac vein, which drains the territory of 
the occluded left anterior descending artery. Although 
significant elevations in the bradykinin level were detect- 
ed during balloon inflation, which caused chest pain in 4 
patients, similar ischemic chest pain occurred in the 8 
patients in whom bradykinin level did not change signifi- 
cantly or even decreased during balloon inflation. We 
therefore conclude that bradykinin does not appear to 
play a major role in generating pain during short myocar- 
dial ischemia. 

Several investigators have implicated bradykinin as a 
likely chemical mediator of ischemic pain.>-*!° In con- 
trast, Malliani et all in summarizing their extensive re- 
search, concluded that intracoronary injection of brady- 
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FIGURE 1. Bradykinin levels (n = 12) in the great cardiac vein 
at baseline, at end-balloon inflation and 10 minutes after (10 
Post) deflation. Normal range is between 50 and 500 pg/ml 
(interrupted lines). 
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kinin, while producing a dispersed excitation of afferent 
neural fibers, “would not elicit pain.” Kimura et al’ ligat- 
ed the left anterior descending coronary artery in dogs 
and measured the bradykinin level in the coronary sinus. 
They found a significant increase in the bradykinin levels - 
5 minutes after ligation and concluded that the quantity 
of bradykinin that flowed into the dogs’ coronary sinus 
(0.8 ug/min) could cause ischemic pain. The reasons for 
the markedly different observations of Kimura et al’ and 
the present study are not clear. Differences in the study 
subjects and methods could partially account for the dif- 
ferent results. Importantly, they used a biologic assay to 
measure bradykinin levels, which is less accurate than the 
radioimmunoassay used in this study. In addition, where- 
as Kimura et al’ ligated the coronary artery, we per- 
formed only temporary occlusion. However, bradykinin 
levels were already at maximum 5 minutes after coronary 
artery ligation in the dog,’ an interval analogous to the 
prolonged inflations in our patients. 

Recent reports suggest that bradykinin-induced noci- 
ceptive response may be potentiated by arachidonic acid 
metabolites.'!~!3 Our patients were pretreated with aspi- 
rin, a cyclooxygenase inhibitor that the production of 
prostaglandins and thromboxanes from arachidonic acid. 
Therefore, they presumably did not have significant lev- 
els of circulating arachidonic acid metabolites. This hy- 
pothesis is supported by the very low thromboxane B2 
levels found in our patients. 

Several limitations may have affected our results. The 
great cardiac vein does not drain blood exclusively from 
the territory of the left anterior descending artery and, 
therefore, sampling consisted of “ischemic” and “non- 
ischemic” blood. However, each patient served as his own 
control, and a significant increase in the bradykinin level 
would conceivably be manifest even in diluted blood.’ 
Other investigators used inhibitor mixture to inactivate 
artificial activation or degradation of bradykinin.!4 Our 
method, which includes immediate precipitation of bra- 
dykinin by acetone in heparinized blood yields results 
similar to those obtained by adding inhibitor mixtures (A. | 
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FIGURE 2. Thromboxane B2 levels (n = 10) in the great cardi- 
ac vein at baseline, at end-balloon inflation and 10 minutes af- 
ter (10’ Post) deflation. Normal range is between 150 and 
450 pg/ml. 
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Kacena, personal communication, InterScience Institute, 
Los Angeles). 

The generation of ischemic pain is a complex and, as 
yet, unclear phenomenon that may involve different me- 
tabolites!> or mechanical stimuli, or both.! Our data sug- 
gest that activation of myocardial nociceptive receptors, 
either directly by bradykinin or indirectly through arachi- 
donic acid metabolites, is an unlikely mechanism of angi- 
oplasty-induced ischemic pain in human subjects. 
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Lack of Relation of Coronary Sinus Oxygen Content to Extent of 
Coronary Artery Disease or Left Ventricular Dysfunction 


James D. Boehrer, MD, Richard A. Lange, MD, John E. Willard, MD, and L. David Hillis, MD 


recent study suggests that the prognosis of patients 

with congestive heart failure is related to the oxygen 
content of coronary sinus blood: the lower the oxygen 
content at rest, the worse the outlook.' Although it is 
hypothesized that the oxygen content of coronary sinus 
blood decreases as coronary artery disease worsens, no 
previous study has assessed the relation, if any, between 
the oxygen content of coronary sinus blood at rest and the 
extent of (1) atherosclerotic coronary artery disease, or 
(2) left ventricular systolic dysfunction. This study was 
performed for this purpose. 

We reviewed the results of all cardiac catheteriza- 
tions at Parkland Memorial Hospital, Dallas, Texas 
from July 1978 to May 1992, and identified the pa- 
tients in whom the coronary sinus was cannulated and a 
blood sample obtained for measurement of oxygen satu- 
ration. In each subject, the catheter’s location was con- 
firmed fluoroscopically with an injection of contrast ma- 
terial. Oxygen saturation was measured with a reflec- 
tance oximeter (American Optical), and the oxygen 
content (in ml/liter) was calculated by multiplying the 
saturation, the hemoglobin (g/dl), the oxygen-carrying 
capacity of hemoglobin (ml/g) and 10 (dl/liter). The 
oxygen saturation of systemic arterial blood was mea- 
sured in most patients, and the transcardiac oxygen con- 
tent difference was quantitated. 

In each subject, single plane (30° right anterior 
oblique) left ventriculography was performed, from 
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which ejection fraction was calculated, in accordance 
with previously described techniques.’ The presence and 
severity of atherosclerotic coronary artery disease were 
assessed by selective coronary arteriography. A coronary 
artery was said to be diseased if its luminal diameter was 
narrowed =70%. 

A blood sample was obtained from the coronary sinus 
for measurement of oxygen saturation in 254 patients 
(163 men and 91 women, aged 51 + 11 [mean + SD] 
years). Of these, 241 underwent catheterization for the 
evaluation of chest pain: 8 to assess the cause of conges- 
tive heart failure, and 5 for the evaluation of valvular 
disease. Systemic arterial oxygen saturation was mea- 
sured in 213, allowing a calculation of the transcardiac 
oxygen content difference. 

The oxygen content of coronary sinus blood was simi- 
lar among patients with angiographically normal coro- 
nary arteries, 59 + 20 ml/liter, n = 68; 1-vessel coronary 
artery disease, 68 + 18 ml/liter, n = 71; 2-vessel disease, 
63 + 14 mi/liter, n = 49; 3-vessel disease, 66 + 19 
ml/liter, n = 60; and left main disease, 63 + 12 ml/liter, 
n = 6 (p = not significant [NS]) (Figure 1, top panel). 
The transcardiac oxygen content difference was similar 
among the 5 groups (no coronary artery disease, 104 + 
17 ml/liter, n = 59; 1-vessel disease, 108 + 18 mll/liter, 
n = 56; 2-vessel disease, 109 + 18 ml/liter, n = 40; 3- 
vessel disease, 107 + 21 ml/liter, n = 52; left main dis- 
ease, 97 + 15 ml/liter, n = 6) (p = NS) (Figure 1, bot- 
tom panel). There was no relation between left ventricu- 
lar ejection fraction and (1) the oxygen content of 
coronary sinus blood (r = 0.04, p = NS) (Figure 2, top 
panel), or (2) the transcardiac oxygen content difference 
(r = 0.09, p = NS) (Figure 2, bottom panel). 
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Of the 254 subjects, 63 had a left ventricular ejection 
fraction <0.50. In these persons, the oxygen content of 
coronary sinus blood was similar among those with angi- 
ographically normal coronary arteries (51 + 16 ml/liter, 
n= 14; l-vessel coronary artery disease, 64 + 15 
ml/liter, n = 13; 2-vessel disease, 62 + 11 mil/liter, 
n = 18; 3-vessel disease, 66 + 23 ml/liter, n = 14; and 
left main disease, 67 + 10 ml/liter, n= 4 (p = NS). 
The transcardiac oxygen content difference was similar 
among the 5 groups (no coronary artery disease, 107 + 
19 ml/liter, n = 13; 1-vessel disease, 113 + 16 mll/liter, 
n = 12; 2-vessel disease, 119 + 16 ml/liter, n = 14; 3- 
vessel disease, 102 + 23 ml/liter, n = 10; and left main 
disease, 94 + 9 mi/liter, n = 4) (p = NS). 

A recent study! showed that the oxygen content of 
coronary sinus blood may provide prognostic information 
in patients with atherosclerotic coronary artery disease or 
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congestive heart failure, or both. Subjects whose oxygen 
content of coronary sinus blood was <44.4 ml/liter had 
an increased mortality compared to with those whose 
oxygen content was higher. Although the extent and se- 
verity of atherosclerotic coronary artery disease were un- 
defined in these patients, the investigators hypothesized 
that a decreased oxygen content of coronary sinus blood 
was indicative of severe coronary artery disease. Further- 
more, it has been suggested that patients with impaired 
left ventricular systolic performance often have increased 
myocardial oxygen demand and decreased perfusion, re- 
sulting in a decreased oxygen content of coronary sinus 
blood. Despite these speculations, no previous study has 
assessed the relation between the oxygen content of coro- 
nary sinus blood and the extent of (1) atherosclerotic 
coronary artery disease, or (2) left ventricular systolic 
dysfunction. 


FIGURE 1. The oxygen content of cor- 
onary sinus blood (top panel), and the 
transcardiac oxygen content difference 
(bottom panel) for patients with nor- 

mal coronary arteries (NL), 1-, 2- or 3- 


resents data from 1 patient, and mean 
+ 1 SD is shown to the right of each 
patient group. The coronary sinus oxy- 
gen content and transcardiac oxygen 
content difference were similar among 
the 5 groups. 
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FIGURE 2. The oxygen content 
of coronary sinus blood (fop 


fraction (horizontal axis). There 
was no relation between ejection 
fraction and (1) coronary sinus 
oxygen content (r = 0.04, 

p = not significant) or (2) trans- 
cardiac oxygen content differ- 
ence (r = 0.09, p = not signifi- 
cant). 
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Our data, obtained in >250 subjects at the time of 
routine catheterization, show no relation between the ex- 
tent of atherosclerotic coronary artery disease and (1) 
oxygen content of coronary sinus blood (Figure 1, top 
panel), or (2) transcardiac oxygen content difference 
(Figure 1, bottom panel). This was true for all patients as 
well as the 63 with a left ventricular ejection fraction 
<0.50. Similarly, there is no relation between left ventric- 
ular ejection fraction and (1) oxygen content of coronary 
sinus blood (Figure 2, top panel), or (b) transcardiac 
oxygen content difference (Figure 2, bottom panel). 
Thus, although a low oxygen content of coronary sinus 
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blood may portend an adverse outcome in patients with 
congestive heart failure, it appears to do so independently 
of the severity of coronary artery disease or left ventricu- 
lar systolic dysfunction. 


1. White M, Rouleau JL, Ruddy TD, De Marco T, Moher D, Chatterjee K. 
Decreased coronary sinus oxygen content: a predictor of adverse prognosis in 
patients with severe congestive heart failure. J Am Coll Cardiol 1991;18: 
1631-1637. 

2. Kennedy JW, Trenholme SE, Kasser IS. Left ventricular volume and mass 
from single plane cineangiocardiogram. A comparison of. anteroposterior and 
right anterior oblique methods. Am Heart J 1970;80:343-352. 
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Echocardiographic Predictors of the Need for Infundibular Wedge 
Resection in Infants with Aortic Arch Obstruction, Ventricular Septal 


Defect and Subaortic Stenosis 


L. LuAnn Minich, MD, A. Rebecca Snider, MD, Edward L. Bove, MD, and Flavian M. Lupinetti, MD 


nfants with aortic arch obstruction and outlet ventricu- 

lar septal defect can have posterior displacement of the 
infundibular septum into the left ventricular outflow tract 
causing varying degrees of subaortic stenosis.!~> Because 
of the large ventricular septal defect, left ventricular out- 
flow tract velocities are frequently normal. For this rea- 
son, Doppler peak gradients are often not helpful for 
assessing the severity of the outflow tract narrowing pre- 
operatively. Preoperative evaluation of the degree of sub- 
aortic obstruction and, thus, the need for surgical inter- 
vention is usually based on qualitative assessment of 
the anatomic 2-dimensional echocardiographic image.?~® 
This study defines 2-dimensional echocardiographic pre- 
dictors of the need for subaortic resection in infants with 
aortic arch obstruction, outlet ventricular septal defect 
and posterior deviation of the infundibular septum. 

From November 1987 to November 1991, 12 consec- 
utive infants with this combination of cardiac defects 
were evaluated with 2-dimensional and Doppler echo- 
cardiography. Ten of the 12 patients had no previous 
cardiac evaluation, whereas 2 patients had undergone 
prior surgery at a referring institution — 1 for repair of 
an interrupted aortic arch and patch closure of the ven- 
tricular septal defect and the other for repair of an inter- 
rupted aortic arch alone. The patients ranged in age 
from 2 days to 9 months (mean 42 days) and in weight 
from 1.3 to 7.1 kg (mean 3.5). The initial diagnosis was 
interrupted aortic arch in 6 infants and coarctation of the 
aorta in 6 infants. Associated defects included an atrial 
septal defect in 10 patients, patent ductus arteriosus in 6, 
bicuspid aortic valve in 5, mild mitral regurgitation in 3, 
and anomalous right subclavian artery in 1. Of the 12 
patients, 11 underwent patch closure of the ventricular 
septal defect by a transtricuspid approach, 10 had pri- 
mary aortic arch repair, 9 had wedge resection of the 
infundibular septum (8 through the tricuspid valve and 
ventricular septal defect and 1 through a transaortic 
approach), and 1 had revision of a previous aortic arch 
repair. 

The patients’ echocardiographic measurements were 
compared with those of a control group of age and 
weight-matched infants with normal hearts by 2-di- 
mensional and Doppler echocardiography. The control 
group consisted of 15 infants whose ages ranged from I 
day to 2 months (mean 13 days) and whose weights 
ranged from 2 to 4 kg (mean 3.1). In these infants, 
echocardiographic evaluation was performed because of 
noncardiac congenital anomalies in 9, murmur in 5, and 
arrhythmia in 1. 

The following measurements were obtained from the 
2-dimensional and Doppler echocardiograms. From the 
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parasternal long-axis view, the diameter of the left ven- 
tricular outflow tract was measured using on-line elec- 
tronic calipers (Figure 1). Measurements were made at 
end-systole and end-diastole from inner edge to inner 
edge. 

In a similar fashion, the diameter of the descending 
aorta was measured at end-systole and end-diastole at 
the level of the diaphragm from the subcostal sagittal 
view. To allow comparison of different-sized hearts, the 
diameter of the left ventricular outflow tract was then 
divided by the diameter of the descending aorta at the 
diaphragm. Left ventricular outflow tract gradients were 
calculated with Doppler echocardiography using the 
Bernoulli equation and peak velocities measured with 
continuous-wave Doppler from the apical view. Echo- 
cardiographic examinations were performed both pre- 
and postoperatively in all patients. 

For all measurements, =3 cardiac cycles were ana- 
lyzed and the results were averaged. The patient and 
control groups were compared using unpaired Student's 
t tests. A p value <0.01 was used to indicate a significant 
intergroup difference. The values reported here are mean 
+ standard deviation. 

The patient and the control group did not differ in age 
or weight. Compared with control infants, the patients 
had smaller left ventricular outflow tract diameters in 
systole and diastole, similar descending aorta diameters 
in systole and diastole, and smaller left ventricular out- 
flow tract/descending aorta ratios (Figure 2). Because of 
cardiac motion and ventricular contraction, left ventricu- 
lar outflow tract diameters could be measured with 
greater ease and certainty in diastole than in systole. 
In normal infants, the left ventricular outflow tract/de- 
scending aorta diastolic ratio was 1.3 + 0.14. 





FIGURE 1. Parasternal long-axis view of the left ventricular 
outflow tract with calipers demonstrating the outflow tract di- 
ameter. Note the posterior deviation of the infundibular sep- 
tum. Ao = aorta; LA = left atrium; LV = left ventricle; 

RV = right ventricle. 
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FIGURE 2. Comparisons of the preopera- 
tive echocardiographic results. DAo = des- 
cending aorta; LVOT = left ventricular out- 
flow tract. 


8 
7 
6 
5 
4 
3 
2 
1 
d 


Systole Diastole 


On the most recent follow-up Doppler examination 
obtained from 12 days to 11 months after operation 
(median 24 days), the left ventricular outflow tract peak 
gradient ranged from 0 to 36 mm Hg (mean 15). 

The preoperative left ventricular outflow tract/de- 
scending aorta ratio in diastole was >1.0 in only 1 pa- 
tient and this patient required no subaortic resection and 
has no residual gradient. The preoperative left ventricu- 
lar outflow tract/descending aorta ratio in diastole was 
<1.0 in 11 patients. Nine of these 11 patients with ratios 
of 0.55 to 0.92 had subaortic resections and had no 
significant left ventricular outflow tract gradient on the 
postoperative echocardiographic examination (10 mm 
Hg). Two of the 11 patients with left ventricular outflow 
tract/descending aorta ratios <1.0 (mean 0.73 and 0.89) 
had no subaortic resection and now have the highest 
residual gradients postoperatively (30 and 36 mm Hg). 

In this study, the ratio of the diameter of the left 
ventricular outflow tract to the diameter of the descend- 
ing aorta was measured from 2-dimensional echocardiog- 
raphy in both systole and diastole in normal infants and in 
infants with aortic arch obstruction, ventricular septal 
defect and posterior deviation of the infundibulum. Be- 
cause the diameter of the descending aorta at the dia- 
phragm was similar in systole and diastole for both pa- 
tient and control groups, this dimension was used to pro- 
vide an index for comparisons of different-sized hearts. 
Because the left ventricular outflow tract was measured 
more easily in diastole, the diastolic left ventricular out- 
flow tract/descending aorta ratio of the patient group 
was compared with the same ratio of the control group. 
Only 1 infant in the patient group had a diastolic left 
ventricular outflow tract/descending aorta ratio in the 
normal range (>1.0). This infant had no subaortic resec- 
tion and has not developed subaortic stenosis. Of the 
remaining 11 patients with diastolic ratios of <1.0, those 
who had no surgical resection of the posterior infundibu- 
lum have developed subaortic stenosis, whereas those who 





O Patients 
E Controls 
*p<0.01 


DAo Diameter LVOT/DAo 


x 


ort N O A ODN Oo 


Systole Diastole Systole Diastole 


had surgical resection have not developed significant gra- 
dients. This short-term follow-up suggests that patients 
with a diastolic left ventricular outflow tract/descending 
aorta ratio of <1.0 are at risk of developing postoperative 
subaortic stenosis and therefore should undergo subaortic 
resection. Patients with a diastolic left ventricular outflow 
tract/descending aorta ratio of >1.0 do not appear to 
develop subaortic stenosis and therefore require no surgi- 
cal intervention. Because this study is limited by small 
numbers and only short-term follow-up, continued inves- 
tigation with a larger patient group and longer follow-up 
is warranted. 

Thus, in normal infants, the left ventricular outflow 
tract/descending aorta diastolic ratio is >1.0. In infants 
with severe muscular subaortic stenosis caused by posteri- 
or deviation of the infundibular septum, an echocardio- 
graphic left ventricular outflow tract/descending aorta 
diastolic ratio of <1.0 suggests that wedge resection of 
the infundibular septum should be performed to provide 
adequate relief of the obstruction. We recommend that 
this ratio be included as part of the preoperative evalua- 
tion of all infants with aortic arch obstruction, outlet 
ventricular septal defect and posterior deviation of the 
infundibulum. 
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Effect of Pericardiocentesis on Plasma Levels of Brain Natriuretic 


Peptide in Cardiac Tamponade 


Chim C. Lang, MRCP, Howard M. McAlpine, MRCP, Anna-Maria J. Choy, MRCP, 
Terence H. Pringle, MD, Wendy J. Coutie, and Allan D. Struthers, MD 


B rain natriuretic peptide (BNP) is a new natriuretic 
peptide with marked similarity to atrial natriuretic 
peptide (ANP) in both its amino acid sequence and its 
biological actions.! Although originally isolated from the 
porcine brain, subsequent studies in pigs, rats and hu- 
mans have shown that BNP is also a cardiac hormone 
synthesized and secreted from the heart into the circula- 
tion.? The stimulus for BNP release in humans is unclear, 
although plasma levels of human BNP-like immunoreac- 
tivity have been reported to be increased in classical con- 
ditions of volume overload, such as congestive heart fail- 
ure.” Therefore, it is likely that the release of BNP may 
be related to an increase in either cardiac pressure or 
distension. With regard to ANP, there is compelling evi- 
dence that atrial distension is the primary stimulus for its 
release based on observations in patients with cardiac 
tamponade.’ Relief of tamponade by aspiration results in 
a reduction in atrial pressure, but an increase in both 
atrial distension and plasma ANP concentration. There- 
fore, we compared the plasma concentrations of human 
BNP-like immunoreactivity and ANP during therapeu- 
tic pericardiocentesis in patients with cardiac tamponade. 

Five patients (3 women and 2 men, mean age 49 
years, range 32 to 64) with pericardial effusion (1 associ- 
ated with systemic lupus erythematosus, 2 malignant 
and 2 complicating recent valve replacement surgery) 
were Studied before and after pericardiocentesis. The 
primary sites of malignancy were lung (n= 1) and 
breast (n= 1). All patients had clinical diagnosis of 
cardiac tamponade confirmed by echocardiography. Ten 
ml of venous blood were obtained for measurement of 
plasma human BNP-like immunoreactivity and ANP 
immediately before and 30 minutes after pericardiocen- 
tesis. Samples were collected in chilled tubes containing 
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edetic acid and 4,000 KIU of aprotonin (Bayer Ltd., 
Newbury, Berkshire, United Kingdom). Plasma was im- 
mediately separated by centrifugation at 4°C and as- 
sayed for human BNP-like immunoreactivity by radio- 
immunoassay after extraction in Sep-Pak Cs cartridges, 
as previously described.4 The anti-human BNP-32 anti- 
body (Peninsula Laboratories Inc., Belmont, California) 
used in this assay showed the following cross-reactivi- 
ties: human BNP-32, 100%; rat BNP-32, 0.04%; porcine 
BNP-26, 0%; a-ANP (1-28), 0%; and angiotensin IT, 
endothelin-1 and vasopressin, 0%. Plasma ANP was also 
measured by radioimmunoassay. Significance levels 
were determined by Student's paired t test. The mean 
volume of fluid obtain at pericardiocentesis was 700 ml 
(range 450 to 1,100). Both mean + SE plasma human 
BNP-like immunoreactivity (15.3 + 3.8 pmol/liter) and 
ANP (26.0 + 6.2 pmol/liter) were significantly higher in 
these patients than in 11 healthy men aged 20 to 23 years 
(plasma human BNP-like immunoreactivity 1.3 + 0.2 
pmol/liter and plasma ANP 5.6 + 1.7 pmol/liter). There 
are several possible explanations for this. First, the 2 
patients who had valve replacement surgery (1 aortic 
and 1 mitral) had some degree of cardiac failure, which 
is known to be associated with increased plasma ANP 
and human BNP-like immunoreactivity levels.? Second, 
the patient with systemic lupus erythematosus, although 
having normal renal function, was receiving daily pred- 
nisolone (7 mg/day) that may also cause an increase in 
plasma ANP and human BNP-like immunoreactivity 
levels. Third, it is possible that the reduced cardiac out- 
put secondary to tamponade may significantly diminish 
blood flow to regions capable of metabolizing cardiac 
natriuretic peptides. Finally, the presence of cardiac 
tamponade would probably have significant activation of 
the sympathetic nervous system, as evident from the 
presence of tachycardia in all 7 patients before pericar- 
diocentesis. This sympathetic activity may well consti- 
tute a stimulus for release of cardiac natriuretic pep- 
tides. There was a significant increase in plasma ANP 
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FIGURE 1. Plasma concentrations of atrial natriuretic peptide (ANP) E OPE ET 
periocardiocentesis. Bars 
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(26.0 + 6.2 to 38.3 + 8.6 pmol/liters p <0.05), but not in 
plasma human BNP-like immunoreactivity (15.3 + 3.8 
to 15.1 + 3.3 pmol/liter), 30 minutes after pericardio- 
centesis (Figure 1). All patients improved clinically, with 
an increase in arterial pressure, and a decrease in both 
heart rate and jugular venous pressure. 

This study has 2 main findings. First, we showed that 
after pericardiocentesis, there was a significant increase 
in plasma ANP. The results support previous reports? and 
suggest that increased atrial pressure on its own does not 
stimulate the release of ANP. Pericardiocentesis in- 
creases atrial distension, which in turn increases secretion 
of ANP. The second finding was that despite these 
changes in plasma ANP, plasma human BNP-like im- 
munoreactivity remained unchanged up to 30 minutes 
after pericardiocentesis. The results suggest that BNP is 
not always co-secreted equally with ANP. Together with 
this study, there are other lines of evidence to support the 
notion of a differential release of ANP and BNP. First, 
peptide synthesis is different because BNP is synthesized 
predominantly by the ventricle, whereas ANP is derived 
mainly from the atrum 28 A predominant ventricular 
source of BNP synthesis has also been suggested by the 
finding of a larger content of BNP messenger ribonucleic 
acid in the ventricle than in the atrium in the cardiac 
tissues of both humans and rats ZP Second, peptide secre- 
tion is different because plasma samples obtained from 
various sites during cardiac catheterization have indicat- 
ed that BNP secretion (like synthesis) is predominantly 
from the ventricle. Finally, this difference between ANP 


and BNP release may be traced to known differences 
between the ANP and BNP genes, because the latter has 
a unique adenine/thymine-rich sequence in its 3’-un- 
translated region,’ which is absent in the ANP gene. This 
finding raises the possibility that the expression of BNP is 
regulated in a manner different from that of ANP at the 
level of transcription. Therefore, the results support the 
view that there is a dual natriuretic peptide system com- 
prising ANP from the atrium and BNP from the ventri- 
cle and that the release of each peptide may be regulated 
differently. 
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Usefulness of a New Automatic Boundary Detection System 
(Acoustic Quantification) for Assessing Stiffness of the Descending 
Thoracic Aorta by Transesophageal Echocardiography 


Andreas Migge, MD, Werner G. Daniel, MD, Jost Niedermeyer, MD, Dirk Hausmann, MD, 


Peter Nikutta, MD, and Paul R. Lichtlen, MD 


ql ncreasing attention has been concentrated on the non- 
invasive assessment of aortic wall stiffness.! Aortic 
stiffness was found to correlate with age, hypercholes- 
terolemia, arterial hypertension and degree of atheroscle- 
rosis.!? It has been proposed that aortic stiffness may 
identify patients at risk for rapid progression of coronary 
artery disease.* Aortic stiffness is usually measured in 
terms of Young’s modulus or the 8 index.* Both parame- 
ters are calculated from the relation between systemic 
blood pressure and arterial diameter. Arterial diameter 
may be measured by angiography*» or transcutaneous 
ultrasonic systems.” The latter technique appears to be 
more practicable than angiography, but analysis based on 
this technique is strongly dependent on sufficient image 
quality. Furthermore, measurement of systolic-diastolic 
changes of arterial diameter by ultrasonography at 1 
given point of the aortic circumference may not be repre- 
sentative for the distensibility of the entire arterial wall. 
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In the present study, stiffness of the descending tho- 
racic aorta was assessed by transesophageal echocardi- 
ography (TEE) in patients with various cardiac diseases. 
Ultrasonic assessment of the descending thoracic aorta 
from the esophagus provides optimal image quality in 
virtually all patients. In contrast to previous studies, sys- 
tolic-diastolic changes of aortic areas were measured, 
rather than changes in aortic diameters, using a new, 
commercially available automatic boundary detection 
system (acoustic quantification [AQ]). AQ permits on- 
line tracking of borders between endocardium and blood 
based on integrated backscatter analysis. These auto- 
matically detected borders are displayed in real-time on 
the 2-dimensional echocardiogram. Furthermore, AQ 
software enables continuous analysis of areas on a beat- 
by-beat basis. 

Eighty-nine consecutive patients (age range 18 to 81 
years) underwent diagnostic TEE for various cardiac 
diseases. Indications for TEE were assessment of biolog- 
ical or mechanical valve prostheses (n = 15), infective 
endocarditis (n = 14), cardiac thrombi or tumors (n = 
51), exclusion of aortic dissection (n = 4), and congeni- 
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tal defects (n = 5). No patient had severe aortic regurgi- 
tation or aneurysms of the descending aorta. Thirty-four 
patients (20 men and 14 women, mean age 61 + 10 years, 
range 34 to 81) had history of either systemic arterial 
hypertension, hypercholesterolemia (plasma total cho- 
lesterol >240 mg/dl), or coronary artery disease, or a 
combination, documented by previous cardiac catheter- 
ization or myocardial infarction, or both. The remaining 
55 patients (31 men and 24 women, mean age 46 + 17 
years, range 18 to 72) did not have these risk factors. 


Stiffness (Beta-Index) 


Age (years) 


FIGURE 2. Relation between age and stiffness of descending 
thoracic aorta in terms of the 6 index in 89 patients. Beta in- 
dex is dimensionless. Open circles, patients with history of ar- 
terial hypertension, hypercholesterolemia or coronary artery 
disease, or a combination (n = 34); closed circles, patients 
without those risk factors (n = 55). 








FIGURE 1. Transverse area of descending 
thoracic aorta by transesophageal echo- 
cardiography. Interface between blood 
and aortic wall is automatically detected 
by acoustic quantification and displayed in 
real-time (blood is displayed in red). 
Acoustic quantification software continu- 
ously analyzes area changes of descending 
aorta (bottom; area in cm’). Note time de- 
lay between electrocardiographic record- 
ing and area change tracing due to frame 
rate and time of data analyzing by com- 
puter. 


TEE (5 MHz phased-array transducer; Hewlett-Pack- 
ard Sonos 1500) was performed as described previous- 
ly.’ AQ is an integrated part of the HP Sonos 1500 
software. The descending thoracic aorta was visualized 
immediately below the aortic arch. AQ was used to out- 
line the aortic circumference and measure maximal 
changes of transverse area during each cardiac cycle 
(Figure 1). Simultaneously, brachial artery pressures 
(sphygmomanometry) were measured. Aortic stiffness 
was measured in terms of the following modified B- 
index formula?: B = In(Ps/Pd)/(As — Ad)/Ad, where 
Ps = systolic arterial pressure, Pd = diastolic arterial 
pressure (mm Hg), As = maximal aortic area during 
systole, and Ad = maximal aortic area at end-diastole 
(ci). In patients with sinus rhythm (n = 78), 3 consec- 
utive measurements were averaged, and in those with 
atrial fibrillation (n = 11), 6 consecutive measurements. 

TEE could easily image transverse aortic area in all 
patients. Images were sufficient in all patients for ana- 
lyzing aortic area changes during each cardiac cycle, 
using AQ. Aortic stiffness, in terms of the B index, corre- 
lated with age (Figure 2). Patients aged =40 years had 
an exponential increase in the stiffness index. Patients 
with hypertension, hypercholesterolemia or coronary ar- 
tery disease, or a combination, had an even greater in- 
crease in the stiffness index with age than did those 
without these risk factors (Figure 2). 

This study shows that the combined use of TEE and 
AQ is suitable for analysis of stiffness of the descending 
thoracic aorta in terms of the 6 index. We measured pulse 
pressure by sphygmomanometry for calculation of stiff- 
ness. Because sphygmomanometry may overestimate sys- 
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tolic and diastolic blood pressure,° aortic stiffness mea- 
sured noninvasively may be different from true values 
measured by invasive techniques. However, this differ- 
ence is small? We preferred to use maximal changes of 
the transverse area, rather than a transverse diameter, for 
calculation of aortic stiffness to assess pulsatile move- 
ment of the entire aortic circumference. In patients with- 
out aortic diseases, assessment of aortic stiffness by using 
either area or transverse diameter changes may produce 
similar results. However, in older patients, extensive ath- 
erosclerotic plaques are often seen in central arteries,® 
which may prevent uniform systolic-diastolic pulsation of 
the aortic circumference. Thus, assessment of pulsation 
of central arteries using only 1 diameter may be subopti- 
mal for analysis of stiffness in diseased vessels. For this 
purpose, AQ appears to be an ideal tool for on-line analy- 
sis and display of area changes in 2-dimensional ultra- 
sound images. 

In the present study, stiffness index of the descending 
thoracic aorta, as measured by AQ, clearly correlated 
with age. Similar findings have been reported for the 
human common carotid artery and the abdominal aorta, 
using diameter changes for stiffness calculations.* Assess- 
ment of stiffness of central arteries, such as the thoracic 
or abdominal aorta, may have some clinical relevance, 
because these major arteries are less modified by vasoac- 
tive stimuli than are peripheral arteries (e.g., femoral and 
brachial) and therefore may provide more reliable infor- 
mation regarding changes due to aging or atherosclero- 
sis 3 Although it was not the purpose of this preliminary 
study to compare systematically aortic stiffness in pa- 
tients with and without cardiovascular risk factors, the 
data indicate that the increase in aortic stiffness observed 
with age is amplified in patients with arterial hyperten- 


sion, hypercholesterolemia or coronary artery disease, or 
a combination, compared with those without these risk 
factors. This finding is in agreement with other studies in 
which the stiffness of the common carotid artery and 
abdominal aorta,? the ascending aorta’ and the aortic 
arch? had a positive correlation with the presence and 
extent (1-, 2- or 3-vessel disease) of coronary atheroscle- 
rosis. However, further studies with age- and sex- 
matched control subjects will be necessary to strengthen 
similar associations for the descending thoracic aorta. 
The AQ technique may be an ideal method for these 
investigations. 
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Adult Respiratory Distress Syndrome After 


Streptokinase 


René A. Tio, MD, PhD, Ron H. A. M. Voorbij, MD, PhD, and Rob 


Enthoven, MD, PhD 


treptokinase is widely used in pa- 

tients with acute myocardial in- 
farction. Allergic reactions to strep- 
tokinase have been reported but ap- 
pear to be rare.'! Two types of allergic 
reactions to streptokinase have been 
described: type I resulting in anaphy- 
lactic shock? and type III involving 
the formation of immune complex- 
es. Serum sickness-like diseases — 
vasculitis and glomerulonephritis — 
are manifestations of the latter 
mechanism. The development of 
adult respiratory distress syndrome 
(ARDS) has been described in 2 pa- 
tients occurring during the continu- 
ous infusion of streptokinase.+°> We 
describe the late development of 
ARDS in a patient treated with 
short-term intravenous streptokinase 
for acute myocardial infarction. 

A 54-year-old white man was ad- 
mitted to the coronary care unit 2 
hours after the onset of severe chest 
pain. His medical history was nor- 
mal, except for acute rheumatic fe- 
ver in childhood. The electrocar- 
diogram on admission showed an 
acute anterior wall myocardial in- 
farction. The patient was treated 
with 1,500,000 U of streptokinase 
(Kabikase®) intravenously for 30 
minutes, preceded by prednisolone 
(100 mg) and clemastine (1 mg). Af- 
ter the streptokinase infusion, treat- 
ment with acenocoumarol, ascal, in- 
travenous heparin and captopril was 
started. Successive electrocardio- 
grams did not show changes sugges- 
tive of reperfusion. The next day the 
patient developed a nonproductive 
cough. On the third day he became 
dyspneic, lung crepitations were 
present and his arterial oxygen satu- 
rations decreased. Sputum cultures 
were negative. On day 4 chest x-ray 
showed changes suggestive of ARDS 
(Figure 1). Pulmonary arterial 
wedge pressures were not elevated. 


From the Department of Cardiology and Clin- 
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10400, 8000 GK Zwolle, the Netherlands. 
Manuscript received May 1, 1992; revised 
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His clinical situation and his arterial 
blood gases (pH 7.47; partial pres- 
sure of carbon dioxide 3.9 kp; par- 
tial pressure of oxygen 6.0 kp; oxy- 
gen saturation 78%) required arti- 
ficial ventilation with positive end- 
expiratory pressure support. After 
17 days he could be weaned off ven- 
tilation successfully. During the first 
5 days, blood samples were collected 
daily for routine laboratory tests 
and for measurements of immuno- 
globulins, antistreptolysine-O titers 
and antibodies against streptoki- 
nase. Serum was frozen at —20°C 
until assayed. Antibodies against 
streptokinase were detected using 
the Ouchterlony technique. A solu- 
tion of 50,000 IU/ml of streptoki- 
nase (Kabikase) was used. 

The initial antistreptolysine-O 
titer was high (640 U/ml; normal 
<100 U/ml). During the develop- 
ment of ARDS the antistreptolysine- 
O titers first decreased; when the 


FIGURE 1. Chest x-ray at day 4, showing the typical bilateral mottled lesions 


fullblown ARDS was present, titers 
increased again (Figure 2, top). The 
serum levels of both IgG and IgM 
decreased during the first 2 days 
(Figure 2, bottom). Antibodies 
against streptokinase were detect- 
able in the pretreatment serum of the 
patient. These antibodies were not 
detectable during the development of 
ARDS. After 1 month they reap- 
peared. 

This patient with an anterior wall 
myocardial infarction treated with 
streptokinase in combination with 
heparin, ascal and captopril devel- 
oped the first clinical signs of pulmo- 
nary dysfunction after 1 day. Heart 
failure, sepsis, gastric aspiration, pul- 
monary emboli and pneumonia were 
excluded. No clinical signs of dis- 
seminated intravascular coagulation 
(like thrombopenia) were found. The 
fibrinogen degradation product 
(fragment D) has been suggested to 
be involved in streptokinase-induced 
ARDS.*° However, in those 2 pa- 
tients, streptokinase was infused con- 
tinuously for either pulmonary or pe- 
ripheral arterial occlusion. In our pa- 
tient, such a mechanism was not 
likely for 2 reasons. First, ARDS de- 





caused by adult respiratory distress syndrome. 
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FIGURE 2. Immunologic parameters. Top, time course of the 


titer (ASO); the presence of antibodies 


antistreptolysine-O 
streptokinase is indicated with a 


against 
plus or minus (Ouchterlony technique). Bottom, time course of the serum concen- 
trations of immunoglobulin (ig) G (squares) and M (diamonds). 


Isolated Paradoxical Embolus to the Right 


Coronary Artery 
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Ce arterial embolus is an 
uncommon form of occlusive 
coronary artery disease. Coronary 
emboli generally arise from within 
the heart (native or prosthetic aortic 
or mitral valves, left atrium, left ven- 
tricle, or intracardiac catheters or 
wires). The source of the coronary 
embolus is less often remote from the 


veloped after 3 days when the fibrin- 
ogen concentration was already in- 
creasing (from 0.2 to 1.3 g/liter). 
Second, at the moment of deteriora- 
tion no streptokinase was being in- 
fused. 

An allergic reaction to streptoki- 
nase is more likely because of (1) 
antibodies against streptokinase were 
detectable; (2) the initial antistrepto- 
lysine-O titer was elevated, sugges- 
tive of a recent streptococcal in- 
fection; (3) during the acute phase 
immunoglobulin G and immuno- 
globulin M decreased; and (4) a his- 
tory of rheumatic fever. Considering 
the time course and the immunologic 
parameters, a type III immunologic 
reaction is very likely in our patient. 
In a series of 48 patients, antibodies 
against streptokinase were detectable 
before therapy in 75%.° Despite this 
high incidence allergic reactions to 
streptokinase are rare. However, one 
should be alert especially when a his- 
tory of rheumatic fever, a recent 
streptococcal infection or previous 
streptokinase therapy is present. 
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left heart — paradoxical. Frequent 
target sites of paradoxical emboli are 
extremities and cerebrum, much less 
frequently coronary, renal or splenic 
arteries.! We wish to place on record 
the rare occurrence of a paradoxical 
embolus that entered the systemic 
circulation through an interatrial de- 
fect, lodged in the right coronary ar- 
tery, and caused a near fatal myocar- 
dial infarction. 

A 44-year-old woman underwent 
surgical closure of an ostium secun- 
dum atrial septal defect at age 16 
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FIGURE 2. Transthoracic echocardio- 
gram before (A) and after (B) injection 
of agitated saline. Arrow shows site of 
right to left communication at the atrial 
septum. LA = left atrium; LV = left ven- 
tricle; RA = right atrium; RV = right 
ventricle. 


years. Right-sided cardiac catheter- 
ization at age 33 years revealed a 
pulmonary arterial pressure of 
60/33 mm Hg. Severe lower extremi- 
ty varicosities developed, and at age 
44 years the patient underwent sur- 
gical vein stripping to reduce the risk 
of pulmonary embolization. Two 
days after discharge, she was read- 
mitted with crushing substernal 
chest pain. Physical examination 





FIGURE 3. angiography. 
Arrows show embolic material in the 
left anterior oblique (LAO) (A) and right 
anterior oblique (RAO) (B) projections. 
Dotted line shows extent of embolus in 


the left anterior oblique projection. 


disclosed tachypnea, sinus tachycar- 
dia and symmetric cyanosis. The 
jugular venous pulse was striking, 
with a tall dominant A wave, a 
blunted X descent, and a tall V wave 
10 cm above the sternal angle with 
the patient sitting upright. The right 
ventricular impulse was prominent. 
Auscultation detected the holosys- 
tolic murmur of tricuspid regurgita- 
tion, a right ventricular third heart 
sound, and a loud pulmonic compo- 
nent of the second heart sound. 
There was a tender, erythematous, 
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palpable cord in the left calf and 
thigh. The 12-lead scalar electrocar- 
diogram showed 4 mm ST-segment 
elevations in leads II, III and aVF, 
with reciprocal ST-segment depres- 
sions in leads I, aVL and V> to Vs 
(Figure 1). Total creatine phospho- 
kinase was 2,567 IU/liter with an 
MB fraction of 329 ng/ml. Two-di- 
mensional echocardiography 
showed marked right atrial and 
right ventricular enlargement, virtu- 
al akinesia of the right ventricular 
free wall, normal left ventricular size 
and ejection fraction with inferopos- 
terior hypokinesia. Contrast echo- 
cardiography with agitated saline 
identified a right-to-left shunt at the 
site of the previous interatrial repair 
(Figure 2). Severe tricuspid regurgi- 
tation was identified on color flow 
imaging. The regurgitant velocity 
was 5 m/s with estimated right ven- 
tricular pulmonary arterial systolic 
pressures of 120 mm Hg. Selective 
coronary angiography identified a 
thrombus (embolus) in the right cor- 
onary artery extending from the 
acute margin to the midposterior de- 
scending branch proximally, and to 
the right ventricular marginal 
branch distally (Figures 3, top & 
bottom). The coronary arteries oth- 
erwise were angiographically nor- 
mal. The patient was managed in the 
cardiac care unit for 2 weeks, and 
was discharged home a week later. 

Four criteria for the diagnosis of 
paradoxical embolus were fulfilled: 
(1) an identifiable source of the em- 
bolic material (thrombophlebitis), 
(2) a right-to-left intracardiac shunt 
(interatrial), (3) elevation in right 
atrial pressure that facilitated inter- 
atrial venoarterial mixing, and (4) a 
documented target site (coronary ar- 
terial embolus). Coronary arterial 
embolism from any source is an un- 
common cause of myocardial infarc- 
tion, accounting for 13% of infarcts 
at the Johns Hopkins Hospital over a 
10-year period.? Paradoxical emboli 
to the coronary arteries are rare, in- 
deed. A review of the incidence of 
paradoxical coronary embolus be- 
tween 1894 and 1988 recovered 28 
published cases,‘ and only 3 addition- 
al cases have been reported subse- 
quently.>~’ 

Coronary embolization results in 
death in up to 94% of cases? because 


owe 


the embolus typically finds its way 
into the left coronary artery.” Em- 
bolization to the right coronary ar- 
tery occurs in approximately 28% of 
cases,’ and an isolated right coronary 
arterial embolus is somewhat less 
common, 22%.* Our patient had an 
isolated paradoxical embolus to the 
right coronary artery, leaving left 
ventricular function normal while in- 
juring an already functionally abnor- 
mal right ventricle. When a paradox- 
ical embolus originates from a source 
that drains into the inferior vena 
cava, the most common venoarterial 
route is through a patent foramen 
ovale (57%), or an ostium secundum 
atrial septal defect in 20%.* A faulty 


atrial septal defect patch was the site 
of the right-to-left shunt in our pa- 
tient (Figure 2). 

We place on record the exception- 
al occurrence of a large paradoxical 
coronary embolus from a lower ex- 
tremity vein. The embolus coursed 
through an interatrial communica- 
tion, and lodged solely in the right 
coronary artery, causing extensive 
injury to the right ventricle, but leav- 
ing the left ventricle functionally un- 
impaired despite inferoposterior in- 
farction. The patient survived right 
ventricular ischemic injury despite 
pulmonary hypertension because the 
paradoxical embolus spared the left 
coronary artery. 
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Supravalvular Tricuspid Ring and Ebstein’s 
Anomaly in Congenitally Corrected 


Transposition 


Manfred Ritter, MD, Jakob Schneider, MD, Daniel Schmidlin, MD, and 


Rolf Jenni, MD, MSEE 


ongenitally corrected transposi- 

tion of the great arteries (De, 
discordant atrioventricular connec- 
tions associated with discordant ven- 
triculoarterial connections) is fre- 
quently combined with anomalies of 
the tricuspid valve.! Most often, 
these malformations resemble a form 
of Ebstein’s anomaly, whereas a ste- 
nosis or hypoplasia of the tricuspid 
valve is rare, and a supravalvular ring 
represents an exceptional event 1 
Other malformations associated with 
congenitally corrected transposition 
consist of ventricular septal defects 
followed by abnormalities of the pul- 
monary outflow tract.! 

In an 18-year-old man, a congen- 
itally corrected transposition, sub- 
valvular pulmonary stenosis and 
ventricular septal defect had been 
diagnosed by cardiac catheterization 
after birth. Because of progressive 
cyanosis, a Pott e anastomosis was 
installed at the age of three years. 
Increased exertional fatigue, dys- 
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pnea and cyanosis, as well as recur- 
rent episodes of atrial fibrillation, 
during adolescence led to Doppler 
echocardiographic examination 
within the context of evaluation for 
heart transplantation. 
Transthoracic Doppler echocar- 
diography (Hewlett-Packard 
77020AC) was performed in stan- 
dard views and confirmed the diag- 
nosis of congenitally corrected trans- 
position, membranous subvalvular 
pulmonary stenosis and a large, 
muscular, ventricular septal defect 
(Figure 1). Furthermore, the left- 
sided atrioventricular valve (septal 
and posterior leaflets) was found to 
be apically displaced (Figure 1), 
which is consistent with Ebstein's 
anomaly. A supravalvular stenosing 
ring was detected on the left atrial 
aspect of the tricuspid valve (Figure 
1); interrogation by continuous-wave 
and color Doppler yielded a stenos- 
ing, diastolic gradient across the su- 
pravalvular ring (Figure 2); there 
was mild tricuspid regurgitation. 
Pathologic anatomic findings 
(Figure 3) of the removed heart after 
transplantation were consistent with 
echocardiography. The tricuspid 
valve was displaced downward into 


the right ventricle, thus dividing this 
chamber into a proximal, thin- 
walled portion and a distal thicker 
one; the tricuspid leaflets were not 
otherwise abnormal. However, in the 
position of the normal tricuspid 
valve, there was a stenosing fibrous 
tissue ring with an opening diameter 
of 10 to 15 mm. 

The association of congenitally 
corrected transposition with anoma- 
lies of the left-sided inflow tract, mal- 
formations of the pulmonary outflow 
tract, and ventricular septal defects 
has been examined several times in 
pathologic-anatomic studiesl 7: no 
Doppler echocardiographic data in a 
case presenting the combination of a 





FIGURE 1. Transthoracic apical 4- 
chamber view displaying discordant 
atrioventricular connections in congeni- 
tally corrected transposition of great 
arteries. Closed circle, large ventricu- 
lar septal defect. Small arrow points to 
apically displaced septal leaflet of tri- 
cuspid valve. Large arrow, supravalvu- 
lar tricuspid ring. LA = left atrium; 

LV = left ventricle; RA = right atrium; 
RV = right ventricle. 
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FIGURE 2. Continuous-wave Doppler spectrum across supra- 
valvular tricuspid ring with large mean diastolic pressure gra- 
dient of 7.9 mm Hg at heart rate of 79 beats/min. 





FIGURE 3. Pathologic anatomic preparation (posterior half of 
heart). ARV = atrialized portion of left-sided morphologic right 
ventricle; FM = membranous fibrous ring at level of normal 
annulus of tricuspid valve; LA = left atrium; LV = right-sided 
morphologic left ventricle; RA = right atrium; RV = right ven- 
tricle; TV = downward-displaced tricuspid valve; VSD = ven- 
tricular septal defect. 
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supravalvular tricuspid ring and Eb- 
stein’s anomaly in association with 
congenitally corrected transposition 
of the great arteries has been report- 
ed. The association of Ebstein’s 
anomaly with a supravalvular tricus- 
pid ring in congenitally corrected 
transposition is exceptional, and the 
present case is the first to feature tru- 
ly apical displacement of the tricus- 
pid valve leaflets in this setting. All- 
work et al! observed a stenosing ring 
in 5 of 29 patients with tricuspid 
valve abnormalities and congenitally 
corrected transposition; 22 patients 
in that series had an Ebstein-like de- 
formity of the tricuspid valve, and 
none had a combination of the 2 mal- 
formations. The marked obstruction 
to right ventricular inflow and, thus, 
the impeded systemic forward flow in 
our patient did not lead to malforma- 
tions of the aorta, such as hypoplasia 
of the aortic arch or coarctation. In 
contrast, Celermajer et al? observed 
a correlation between severely im- 
paired systemic forward flow, as in 
severe tricuspid regurgitation due to 
Ebstein’s anomaly, and aortic arch 
abnormalities in congenitally cor- 
rected transposition. 

The fact that the described anom- 
alies were found in an adolescent 
subject emphasizes the increasing 
importance for the cardiologist treat- 
ing adults to be familiar with congen- 
ital heart disease.* 
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A Simple Technique to Compute 
Infusion Rates for Critical Care 
Drugs 


The expedient determination of 
infusion rates for critical care drugs 
is important in acute care units, 
where infusion pumps are now com- 
monplace. Many techniques, no- 
mograms, and a dosage calculator 
have been described.!-!° Unfortu- 
nately, some of these techniques re- 
quire the mixing of odd fractions, or 
a large number, of drug ampules 
with, in some cases, an odd volume 
of solvents. The preparation of the 
infusion set is therefore cumber- 
some, error prone and wasteful, and 
thus negates any advantage of the 
simplified calculations that follow. 
Some of the other methods are not 
that simple, and nomograms and 
calculators are not commonly avail- 
able. Moreover, most pump opera- 
tors prefer to use solutions made up 
of =1 full ampule of a drug dis- 
solved in a standard solution bag 
(commonly 250 ml for older chil- 
dren and adults) and are not in- 
terested in someone else’s peculiar 
concoction. 

The technique presented herein 
involves 2 simple steps rather than 1 
long formula. First, one computes 
the pump setting (V ml/hour) re- 
quired for D ug/kg/min of drug. 
Based on a 70 kg patient, and Q mg 
of a drug in 250 ml of solvent, 


60 (min/hour) x 70 (kg) 
x 250 (ml) x D (g/kg/min) 
~ Lë (pg/mg) x Q (mg) ` 
1,050 D 
Fog ml/hour 
te 1,000 D 
RSC 
SESE (1) (5% error) 


This formula usually involves whole 
numbers. For example, if 1 ampule 
of dopamine (200 mg) is used in a 
250 ml bag of 5% dextrose solution, 
then a 70 kg patient requiring 4 
ug/kg/min would need: 





ml/hour 


Letters (from the United States) concerning a 
particular article in the Journal must be re- 
ceived within 2 months of the article’s publica- 
tion, and should be limited (with rare excep- 
tions) to 2 double-spaced typewritten pages. 
Two copies must be submitted. 


o 1,000 x 4 


700. = 20 ml/hour 


Next we adjust the infusion rate to 
the patient’s weight. Thus, a 120 kg 
man would need a rate of: 


20 E l/h 
x zo ™/ our 


= 35 ml/hour 
(precise rate 36 ml/hour) 


The answer has been rounded up- 
wards because (1) underestimates 
the rate by 5%. As another ex- 
ample, an 8 kg child requires a 
norepinephrine infusion of 0.1 
ug/kg/min. One vial (4 mg) of nor- 
epinephrine is injected into a 250 
ml bag: 
1,000 x 0.1 
V= Se AIHE a 25 ml/hour 

The infusion rate adjusted to the 
child’s weight is: 


8 
25 X 70 = 2.9 ml/hour 


(precise rate 3 ml/hour) 


This technique needs no modifica- 
tion when it is used with pumps cali- 
brated in drops/min (60 drops/ml). 

When the pump rate is known, 
but the dosage (D wg/kg/min) of 
drug is not, the technique is used in 
reverse order. For example, a 90 kg 
man in cardiogenic shock is being 
resuscitated. The clinician dials up 
a dopamine infusion (200 mg in 250 
ml) incrementally and stops at 84 
ml/hour when the patient’s blood 
pressure stabilizes. To calculate D 
(ug/kg/min), if the patient’s 
weight had been 70 kg instead of 90 
kg, he would have required: 


70 
V ml/hour = 84 x 90 ml/hour 


= 65 ml/hour 


From (1): VU 
D wg/kg/min ` 1,000 


65 x 200 
1,000 


13 pg/kg/min 
Anthony M.-H. Ho, mp 


Hamilton, Canada 
6 April 1992 
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Estrogen Replacement Therapy 
and It’s Association with 
False-Positive Exercise 
Electrocardiograms 


In the January 15, 1992 Ameri- 
can Journal of Cardiology, Hong et 
al! found that estrogen replacement 
therapy, in a population of post- 
menopausal women undergoing 
coronary angiography, was associ- 
ated with a negative incidence of 
coronary artery disease. This lower 
incidence of coronary disease could 
well be explained by the higher inci- 
dence of false-positive exercise tests 
seen in women taking estrogen and 
the resulting post-test referral bias. 

Hong’s study did not include in- 
formation about why the 18 women 
with normal coronary arteries had 
been referred for coronary angiog- 
raphy and there was no information 
about exercise testing in their pa- 
tient population. Oral contracep- 
tives and replacement estrogens are 
associated with an increased inci- 
dence of abnormal electrocardio- 
graphic response on exercise elec- 
trocardiograms.?~> For example, in 
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a large epidemiologic study, The 
Lipid Research Clinics Program 
Prevalence Study investigated 
1,919 women and found an in- 
creased prevalence of abnormal ex- 
ercise electrocardiograms in oral 
contraceptive users and a nonsignif- 
icant excess of abnormal ST-seg- 
ment responses to exercise in wom- 
en over age 50 taking estrogen ther- 
apy. The mechanism for this 
phenomenon is not known but es- 
trogens have a similar structure to 
digitalis. Also, estrogen receptors 
have been demonstrated on myo- 
cytes, indicating a potential mecha- 
nism for direct physiologic effect.® 

Estrogen replacement therapy 
also increases the density of breast 
tissue in postmenopausal women. 
Since breast attenuation artifact 
frequently confounds the interpre- 
tation of radionuclide myocardial 
perfusion tests, false-positive stud- 
ies are also possible by this mecha- 
nism. 

A frequent clinical practice is to 
refer patients with positive exercise 
studies for coronary angiography in 
order to determine more precisely 
the nature and severity of coronary 
disease. Thus, the findings of Hong 
et al might be explained by post-test 
referral bias (e, healthy women 
who are taking estrogens are more 
likely to be referred for coronary 
angiography than healthy women 
who are not taking estrogens). The 
lower instance of coronary artery 
disease in estrogen users in a cathe- 
ter laboratory population may be 
primarily from this referral bias 
rather than any beneficial effect of 
the hormone therapy. Hong and 
colleagues failed to discuss this im- 
portant alternative explanation for 


their findings. 
Randall C. Thompson, mp 
Jacksonville, Florida 
9 March 1992 
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REPLY: We appreciate Dr. Thomp- 
son’s comments on our recent pa- 
per. He asks why the patients were 
referred for coronary angiography 
and whether the reduced incidence 
of angiographic coromary artery 
disease associated with estrogen 
therapy could be due to higher inci- 
dence of false-positive exercise tests 
seen in women on estrogen and the 
post-test referral bias. 

The patients were referred for 
“elective, diagnostic coronary angi- 
ography for evaluation of chest 
pain,” whether or not they were 
taking estrogen. We do not have in- 
formation on the noninvasive test 
results. The decision to perform the 
coronary angiography was made by 
the individual angiographer. 

Regarding the potential effect of 
estrogen on exercise testing, Dr. 
Thompson cites from the literature 
that hormones in general may cause 
greater false-positive exercise test 
results and proposes that the great- 
er incidence of normal coronary 
arteries in women on estrogen in 
our study may be due to this con- 
founding effect of estrogen and re- 
sultant post-test referral bias rather 
than any true beneficial effect of 
the hormone therapy. There has 
been no study specifically implicat- 
ing estrogen as significantly affect- 
ing the exercise test results in post- 
menopausal women. The Lipid Re- 
search Clinics Program Prevalence 
Study did not find a statistically 
significant difference in ST-seg- 
ment responses to exercise in wom- 
en on estrogen compared with those 
not on estrogen (p = 0.32),! and the 
American Heart Association’s 
statement paper on exercise stan- 
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dards does not mention estrogen to 
be an independent contributor to 
abnormal exercise test results.? 
Rather, the latter states that wom- 
en in general have a higher false- 
positive exercise test response, as 
demonstrated by the Coronary Ar- 
tery Surgery Study.? Therefore, it 
seems unlikely that the possible 
confounding effect of estrogen on 
exercise test results would be the 
major explanation of our finding. 

Although we agree with Dr. 
Thompson that the beneficial effect 
of the estrogen replacement thera- 
py on coronary artery disease in 
postmenopausal women has not 
been conclusively and prospectively 
demonstrated, our study confirms 
the potential benefits of estrogen as 
demonstrated by both the animal? 
and the epidemiologic studies 7 
There is a need for a prospective 
study evaluating this issue and 
Georgetown University Hospital in 
collaboration with University of 
Tennessee is starting a prospective, 
randomized study (CREW: Coro- 
nary Regression with Estrogen in 
Women) to try to answer this im- 
portant question. 


Mun K. Hong, mp 
Charles E. Rackley, mp 
Washington, D.C. 

10 April 1992 
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Need for Standardization of 
Tilt-Table Test in Evaluation 


of Syncope 


I read with interest the recent ar- 
ticle on head-upright tilt-table test- 
ing in evaluation of vasovagally me- 
diated syncope by Grubb et al.! 
They used the upright tilt-table test 
for 30 minutes with or without the 
use of intravenous isoproterenol. 

Head-upright tilt-table testing 
has been used for many years to 
provoke vasovagal syncope in sus- 
ceptible persons through maximal 
venous pooling.'-!! However, the 
length of tilting has differed widely 
among the different reports, vary- 
ing from 5 to 60 minutes (Table I). 


TABLE I Variations of Duration of 
Tilting Reported by Different Authors 


Authors Duration 


Kenny et al? (1986) 
Waxman et al3 (1989) 
Almquist et al4 (1989) 
Fitzpatrick & Sutton? (1989) 
Strasberg et al® (1989) 
Raviele et al” (1990) 
Grubb et al (1991) 
Calkins et al? (1991) 
Braunwald!° (1992) 
Kapoor & Brant!! (1992) 
Grubb et al! (1992) 


60 min. 
5—15 min. 
10 min. 
45 min. 
60 min. 
60 min. 
30 min. 
10—20 min. 
5—10 min. 
15 min. 
30 min. 





Because of the possibility of a de- 
layed response to tilting which has 
been reported,’ a longer duration 
than 5 to 15 minutes, reported by 
some investigators,*?!° seems to be 
required. In any case, in order to 
obtain comparable results among 
various study groups, it is about 
time that the length of time for tilt- 
ing be standardized. 

Tsung O. Cheng, mp 


Washington, D.C. 
10 April 1992 
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Hemodynamic Effects of 
Nitroprusside on Valvular 
Aortic Stenosis 


In their carefully performed 
study, Ikram et al! showed in- 
creased cardiac output and reduced 
left ventricular filling pressure in a 
subgroup of patients with valvular 
aortic stenosis. This subgroup was 
characterized as having more se- 
vere aortic stenosis and poorer left 
ventricular function. They conclude 
that “the role of chronic vasodilator 
therapy should be evaluated in such 
patients.” 

A word of caution should be 
sounded about this conclusion. 
Whereas nitroprusside is given by 
infusion and is short-acting, allow- 
ing abrupt reduction or cessation of 
a vasodilator effect, such a possibil- 
ity could not exist with chronic, 
orally administered therapy. This is 
important, because there may be a 
significant hazard from the use of 
vasodilator therapy that the au- 
thors have not discussed. 


It has been demonstrated?~> that 
patients with significant aortic ste- 
nosis may have “used up” much of 
their coronary vascular reserve dur- 
ing rest. In such patients, trans- 
mural myocardial perfusion is de- 
pendent on the diastolic coronary 
filling gradient. A reduction in dia- 
stolic blood pressure, coupled with 
shortening of diastole due to an in- 
crease in heart rate, could signifi- 
cantly reduce this index of myocar- 
dial perfusion. Although the au- 
thors do not report diastolic blood 
pressure levels, the significant re- 
duction in mean blood pressure 
would likely be associated with a 
significant reduction in diastolic 
blood pressure. Heart rate also in- 
creased significantly in their pa- 
tients. Whereas the demonstrated 
reduction of left ventricular end- 
diastolic pressure could favorably 
affect the coronary filling gradi- 
ent, the net effect of these changes 
would need to be assessed. 

Moreover, a hemodynamic pre- 
diction of ischemia in aortic steno- 
sis is possible? by calculation of the 
ratio of diastolic to systolic pres- 
sure time index. The authors’ data 
would probably allow calculation of 
such ratios, and it would be of inter- 
est to know these findings. On re- 
viewing the details of their patients 
(presented in Table I), one notices 
that patient 21 in the Table had a 
heart rate increase of 48 beats/min, 
with a decrease of 26 mm Hg in 
mean blood pressure, an increase of 
11 mm Hg in left ventricular systol- 
ic pressure, and minimal change of 
left ventricular end-diastolic pres- 
sure after nitroprusside. There was 
a minimal reduction of an already 
low cardiac index. It would seem 
that provocation of significant isch- 
emia by nitroprusside in this patient 
was possible. 

Before a study of chronic vasodi- 
lator therapy is undertaken, it is 
necessary to demonstrate which pa- 
tients would be at risk of developing 
myocardial ischemia after achiev- 
ing vasodilatation. Perhaps a pre- 
liminary testing with nitroprusside 
would allow this, but one has reser- 
vations as to whether it would be 
sufficiently reliable to prevent a 
possible dangerous consequence of 
chronic vasodilator therapy in indi- 
vidual patients. 
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My concern in administering va- 
sodilator therapy to patients with 
tight aortic stenosis is also related 
to personal experiences. Most nota- 
bly, I recall a patient with a tight 
aortic stenosis referred to a re- 
gional cardiac surgical center for 
aortic valve replacement and 1-ves- 
sel coronary bypass. The anesthe- 
tist prescribed, with premedication, 
the routine used by their depart- 
ment at the time for patients un- 
dergoing coronary bypass surgery. 
This included oral nifedipine 10 
mg. About 35 minutes after taking 
nifedipine, the patient suddenly 
died. The likelihood of ventricular 
fibrillation provoked by ischemia 


seemed high. 


Monty M. Zion, mp 
Jerusalem, Israel 


15 April 1992 
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Routine Lipid Profile in Patients 
With and Without Restenosis 
After Percutaneous 
Transluminal Coronary 


Angioplasty 


We read with interest the paper 
by Reis et al! entitled “Effects of 
serum lipid levels on restenosis after 


coronary angioplasty,’ which 
showed that the cholesterol/high- 
density lipoprotein (HDL) ratio is a 
predictor for restenosis. However, 
we would like to make a few com- 
ments on the design of this study: 
(1) We did not find a precise defini- 
tion of restenosis. (2) It is possible 
to miss asymptomatic patients and 
to measure wrong values in each 
group. 

We have also studied the influ- 
ence of routine lipid serum concen- 
trations in a series of 65 men (mean 
age 55 years, range 38 to 70) with 
coronary heart disease and success- 
ful percutaneous transluminal cor- 
onary angioplasty (PTCA). Mea- 
surements of cholesterol, triglycer- 
ides, HDL cholesterol and apoA1 
and apoB values were obtained with 
routine laboratory methods. Low- 
density lipoprotein (LDL) choles- 
terol was calculated by the 
Friedewald formula. All these mea- 
surements were done at the time of 
the control angiography. Follow-up 
coronary angiography was per- 
formed on an average of 12 months 
after PTCA. In our study, contrary 
to the trial of Reis et al, restenosis 
was defined according to the Na- 
tional Heart, Lung, and Blood In- 
stitute definitions I, I] and IV.?~4 
Because of the control angiography 
and these starting points we divided 
the patients into 2 groups: group A, 
34 patients with restenosis (mean 
age + SD 56 + 8 years); group B, 
31 patients without restenosis (55 + 
9 years). 

Both groups did not differ signifi- 
cantly with regard to medical histo- 
ry (smoking habits, hypertension, 
family history) or routine lipid pro- 
file (total cholesterol, HDL choles- 
terol, LDL cholesterol, triglycer- 
ides, apoA1, apoB; Table I). More- 
over, the cholesterol/HDL ratio in 
the restenosis group was 5.0 + 1.8 


TABLE I Lipid Values in the Two Patient Groups 


Restenosis 


230 + 42 
158 + 103 
50: 13 
149 + 37 
ApoA1 151 +27 
ApoB 124 + 28 


Data are given in mg/di (mean + SD). 
Apo = apolipoprotein; HDL-chol. = 


Cholesterol 
Triglycerides 
HDL-chol. 
LDL-chol. 


No Restenosis p Value 


242 + 39 
166 + 74 
52+ 14 
157 + 36 
50 + 24 
132 + 31 


high-density lipoprotein cholesterol; LDL- 


chol. = low-density lipoprotein cholesterol. NS = not significant. 
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and in the control group it was 4.9 
+ 1.3 (p = not significant). There- 
fore we cannot agree with Reis that 
the cholesterol/HDL ratio is a pre- 
dictive value for restenosis after 
PTCA; on the contrary, elevated 
lipid values have obviously no influ- 
ence on the outcome of this proce- 


dure. 
Martin Schumacher, mp 
Bernd Eber, mp 
Herman Toplak, mp 
Werner Klein, mD 
Graz, Austria 
27 February 1992 
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Arterial or Cardiopulmonary 
Baroreflex Control of 
Sympathetic Nerve Activity in 
Heart Failure? 


Ferguson et al! recently reported 
a study in which they measured 
sympathetic activity from the pero- 
neal nerve of patients with heart 
failure in response to baroreceptor 
activation by phenylephrine and de- 
activation by nitroprusside. They 
found that the responses of sympa- 
thetic nerve activity to pressure ele- 
vations were not significantly dif- 
ferent in the heart failure versus 
control groups, but that the re- 
sponses to pressure reductions were 
blunted in the heart failure group. 
They concluded that, “These stud- 
ies indicate that patients with mod- 
erate to severe heart failure clearly 
have impaired heart rate and sym- 
pathetic nerve excitatory responses 
to acute baroreceptor deactiva- 
tion.” 
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Blood pressure 


There is an alternative explana- 
tion for their observations based on 
studies from our laboratory and 
elsewhere. First, it is known that 
the relation between arterial pres- 
sure and sympathetic nerve activity 
is sigmoidal, with threshold, lin- 
ear and saturation regions.” True 
“baroreflex sensitivity” is a mea- 
sure of the slope of the linear por- 
tion of this curve. The data that 
Ferguson et al show represent only 
3 points on this curve, i.e., baseline 
and 1 point each for pressure ele- 
vation and reduction. They make 
the assumption that the operating 
range in both of their groups (nor- 
mal and heart failure) is in the lin- 
ear portion of this relation. An al- 
ternative interpretation is shown in 
the figure. If the operating point 
in the heart failure group is at point 
A, then elevations of blood pres- 
sure would be expected to produce 
changes in nerve activity consistent 
with point B with a reasonable mea- 
sure of baroreflex sensitivity. How- 
ever, reductions in pressure would 
result in point C, with the con- 
sequence being that the calculat- 
ed “sensitivity” (change in nerve 
activity/mm Hg) is apparently re- 
duced. Indeed, data from their 
study suggest that this may be the 
case, since their calculated sensitiv- 
ity for the heart failure group with 
pressure elevations was —4.7%/mm 
Hg, but only 1.3%/mm Hg for pres- 
sure reductions. The observation 
that a nonbaroreflex stimulus (cold 
pressor test) was able to augment 
sympathetic nerve activity does not 
help in defining the stimulus-re- 
sponse curve for arterial baroreflex 





control of sympathetic nerve ac- 
tivity. 

We studied dogs with pacing-in- 
duced heart failure, and found that 
the sensitivity of arterial baroreflex 
control of sympathetic nerve activi- 
ty was preserved in heart failure.° 
In these experiments, a substantial 
portion of the stimulus-response re- 
lation was covered by raising arteri- 
al pressure 60 to 80 mm Hg and 
lowering pressure 30 to 40 mm Hg. 
Thus, these experiments could de- 
fine clearly the linear portion of this 
curve and calculate a true sensitiv- 
ity of this relation. We also found 
that the operating range (between 
threshold and saturation) of aortic 
baroreceptors was reduced in heart 
failure. Unless the range is known 
for both groups, differences in the 
reflex may be found that represent 
differences in either operating 
range or location on the curve rath- 
er than differences in sensitivity. 

A second issue also may contrib- 
ute to the responses observed in 
Ferguson’s study. The phenyleph- 
rine and nitroglycerin used to 
change arterial blood pressure al- 
tered cardiac filling pressures as 
well. Mechanoreceptors in the car- 
diopulmonary region regulate sym- 
pathetic outflow. By recording 
sympathetic nerve activity in dogs 
before and after selective vagotomy 
(leaving baroreceptors intact), we 
showed that elevations in cardiac 
filling pressure during phenyleph- 
rine infusion contribute to the sym- 
pathoinhibitory response.* In nor- 
mal humans, lowering cardiac fill- 
ing pressure 2.5 mm Hg by —5 mm 
Hg lower body negative pressure 


results in significant increases 
(+90%) in sympathetic nerve activ- 
ity.5 In Ferguson’s study, nitroprus- 
side reduced right atrial pressure 
2.2 mm Hg in normal subjects, 
which undoubtedly contributed sig- 
nificantly to the sympathoexcita- 
tory response in that group. Filling 
pressure also was reduced by nitro- 
prusside in the heart failure group. 
However, studies from our labora- 
tory®” as well as a previous report 
from Ferguson’s laboratory* dem- 
onstrate clearly that cardiopulmo- 
nary baroreflexes are abnormal in 
heart failure. Therefore, the appar- 
ent reduction in reflex sensitivity in 
their heart failure group could have 
been due to reduced input from car- 
diopulmonary baroreceptors. In our 
study in dogs? we measured re- 
sponses before and after selective 
vagotomy (with arterial barorecep- 
tors intact), and so were able to 
determine the selective contribu- 
tion from arterial baroreflexes. Our 
data also showed that input from 
cardiopulmonary receptors modu- 
lated the sympathetic nerve re- 
sponses to pressure changes in nor- 
mal dogs but not in dogs with heart 
failure. 

These issues provide substantial 
evidence for alternative interpreta- 
tions of the study from Ferguson 


and colleagues. 
Mark Dibner-Dunlap, mD 
Cleveland, Ohio 
17 March 1992 
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Nutritional Modulation in Acute 
Myocardial Infarction 


Singh et al! studied the effect 
of several nutritional interventions 
(calorie restriction, reduction of 
salt and caffeine intake, elevation 
of the percentage of calories from 
complex carbohydrates, vegetable/ 
fish proteins, polyunsaturated fatty 
acids, and so forth) on the cardiac 
end points (reinfarction and sud- 
den death) during 6-week follow- 
up. They also reported the effects of 
the modified diet on the serum lip- 
ids. However, the association the 
authors mentioned between the 
changes in lipid concentrations and 
the cardiovascular end points can 
be misleading. 

First, the effect of polyunsaturat- 
ed fats on the cardiovascular risk is 
not only modulated by their effect 
on atherosclerosis. They also have 
an antithrombotic role by, among 
other things, diminishing platelet 
aggregation.” In the short obser- 
vation period (6 weeks) used, one 
would expect that the effects on 
thrombus formation would be 
much more important than the ef- 
fect on atherosclerosis. The lower- 
ing of atherogenic lipoproteins is 
not necessarily coupled with the ef- 
fect on coagulation, as is the case 
for the n-3 polyunsaturated fatty 
acids.* Thus, the association be- 
tween an acute reduction of athero- 
genic lipoproteins and the cardio- 
vascular end points does not prove 
causality. 


Second, they measured the serum 
lipoproteins during acute myocar- 
dial infarction. It is well known that 
total cholesterol and low-density 
lipoprotein cholesterol decrease 
gradually beginning 24 hours after 
the event. This reduction can last 
up to 8 weeks.® Since some patients 
were randomized after 48 hours 
and there must have been some de- 
lays for obtaining a fasting speci- 
men, the baseline values are thus 
probably underestimated. How- 
ever, the results of the intervention 
group can be compared with those 
of the control group if there is a 
similar number of patients with ini- 
tial sampling after 24 hours. The 
same remark is applicable for the 
final measurements, since only 6 
weeks elapsed and some patients 
had a reinfarction or another com- 
plication further modifying the lip- 
id levels. 

Finally, the reported values of li- 
poprotein concentrations indicate 
that their methods are not reliable. 
They used a dual precipitation tech- 
nique’ in which a first aliquot of the 
specimen is treated with sodium do- 
decyl sulfate to eliminate the very 
low density lipoprotein fraction. A 
heparin manganese chloride solu- 
tion is used for the precipitation 
of the second aliquot, leaving the 
high-density lipoproteins in solu- 
tion. The low-density lipoprotein 
cholesterol is obtained by the differ- 
ence between the cholesterol con- 
centration of the 2 tubes. Since the 
reliability of the heparin manga- 
nese chloride method is well estab- 
lished, the problem should be with 
the other precipitation step. By sub- 
tracting the low- and high-density 
lipoprotein cholesterol from total 
cholesterol we can calculate the 
very low density lipoprotein choles- 
terol. If we perform this calculation 
with the baseline results of Singh et 
al, we obtain incredibly low concen- 
trations for very low density lipo- 
protein considering the triglyceride 
concentration. It is well document- 
ed that the ratio of triglycerides to 
cholesterol in very low density lipo- 
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protein is approximately 58 when 
all results are in conventional 
units.? The calculated ratio is 15.9 
for their group A and 9.2 for their 
group B. Their technique must have 
incompletely precipitated the very 
low density lipoproteins, and thus 
their results of low density lipopro- 
tein cholesterol are overestimated. 
Since the ratio for the 2 groups is 
different, we cannot be sure if the 
error made was of the same magni- 
tude for the 2 groups and if the re- 
ported significant difference is real. 

Jacques Masse, mp 


Québec, Canada 
16 April 1992 
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antidepressant treatment in patients with 
panic disorder; 1306 


Papillary muscles 
Scarring of the left ventricular papillary muscles 
in sickle-cell disease; 1368 


Patent ductus arteriosus 
Prevalence of bilateral patent ductus arteriosus 
in patients with pulmonic valve atresia and 
asplenia syndrome; 1219 


Patent foramen ovale 
Diagnosis of patent foramen ovale by 
transesophageal echocardiography and 
association with cerebral and peripheral 
embolic events; 668 


Pathway ablation 
An anatomically guided approach to 
atrioventricular node slow pathway ablation; 
886 
Percutaneous Transluminal 
Coronary Angioplasty Registry 
Strategy of complete revascularization in patients 
with multivessel coronary artery disease (a 
report from the 1985-1986 NHLBI PTCA 
Registry); 174 


Pericardial effusion 
Comparison of Doppler and two-dimensional 
echocardiography for assessment of 
pericardial effusion; 1353 


Percutaneous pericardial catheter drainage in 
childhood; 678 


Prognostic value of echocardiography in 
hospitalized patients with pericardial effusion: 
934 


Pericardiocentesis 
Effect of pericardiocentesis on plasma levels of 
brain natriuretic peptide in cardiac 
tamponade; 1628 


Perindopril 
Relation of regression of left ventricular 
hypertrophy to changes in ambulatory blood 
pressure after long-term therapy with 
perindopril versus nifedipine; 468 


Peripheral vascular disease 
Amounts of coronary arterial narrowing by 
atherosclerotic plaque at necropsy in patients 
with lower extremity amputation; 1147 


Frequency of long-term lower limb ischemia 
associated with intraaortic balloon pump use; 
1195 


Impaired forearm vasodilation to hyperosmolal 
stimuli in patients with congestive heart 
failure secondary to idiopathic dilated 
cardiomyopathy or to ischemic 
cardiomyopathy; 1315 

Prevalence of atherothrombotic brain infarction, 
coronary artery disease and peripheral arterial 
disease in elderly blacks, Hispanics and 
whites; 1212 


Pheochromocytoma 
Intrapericardial pheochromocytoma; 700 


Physicians’ Health Survey 
Comparison of delay times to hospital 
presentation for physicians and nonphysicians 
with acute myocardial infarction; 10 
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Placebo effect 
The placebo effect of nitrate monotherapy for 
myocardial ischemia; 1238 


Plaque 
Comparison of composition of atherosclerotic 
plaques in saphenous veins used as 
aortocoronary bypass conduits with plaques in 
native coronary arteries in the same men; 
1380 


Composition of atherosclerotic plaques in the 
epicardial coronary arteries in juvenile (type |) 
diabetes mellitus; 1264 


Plasminogen activator inhibitor 
Association of patency of the infarct-related 
coronary artery with plasma levels of 
plasminogen activator inhibitor activity in 
acute myocardial infarction; 271 


Platelet function 
Reversal of human platelet aggregation by low 
concentrations of nitroglycerin in vitro in 
normal subjects; 802 


Platelets 
Beta thromboglobulin and increased platelet 
activation after streptokinase treatment of 
acute myocardial infarction; 837 


Circulating aggregated platelets, number of 
platelets per aggregate, and platelet size 
during acute myocardial infarction; 981 


Effects on platelet aggregation and fibrinolytic 
activity during upright posture and exercise in 
healthy men; 1051 


Increase in platelet support of thrombin 
generation after thrombolytic therapy; 406 


Normalization of impaired response of platelets 
to prostaglandin Ej /l2 and synthesis of 
prostacyclin by insulin in unstable angina 
pectoris and in acute myocardial infarction; 
582 


Practice of medicine 
Less money for doctors in the future?; 133 


Pravastatin 
Efficacy and tolerability of simvastatin and 
pravastatin in patients with primary 
hypercholesterolemia (multicountry 
comparative study); 1281 


Preexcitation 
Does delayed loss of preexcitation after 
unsuccessful radiofrequency catheter ablation 
of accessory pathways result in permanent 
cure?; 830 


Pregnancy 
Postpartum cardiomyopathy associated with 
maternal cocaine abuse; 1092 


Preventive cardiology 
The case for unstable angina pectoris as a 
primary end point in primary prevention 
studies; 738 


Procainamide 
Comparison of intravenous dosing regimens for 
maintaining steady-state procainamide levels 
during programmed ventricular stimulation; 
1087 


Prognosis 
Comparison between New York Heart Association 
classification and peak oxygen consumption in 


the assessment of functional status and 
prognosis in patients with mild to moderate 
chronic congestive heart failure secondary to 
either ischemic or idiopathic dilated 
cardiomyopathy; 359 

Echocardiographic predictors of the need for 
infundibular wedge resection in infants with 
aortic arch obstruction, ventricular septal 
defect and subaortic stenosis; 1626 


Incidence and prognostic significance of chronic 
atrial fibrillation among 5,839 consecutive 
patients with acute myocardial infarction; 816 


Initial management and long-term clinical 
outcome of restenosis after initially successful 
percutaneous transluminal coronary 
angioplasty; 47 

Long-term prognostic significance of ambulatory 
electrocardiographic findings in apparently 
healthy subjects > 60 years of age; 748 


Prediction of late cardiac events by dipyridamole 
thallium imaging in patients undergoing 
elective vascular surgery; 1243 


Prognosis in rupture of the ventricular septum 
after acute myocardial infarction and role of 
early surgical intervention; 147 


Prognosis of patients with sustained ventricular 
tachycardia and of survivors of cardiac arrest 
not inducible by programmed stimulation; 
1250 


Prognosis with abnormal thallium images in the 
absence of significant coronary artery disease; 
1276 


Prognostic implications of subclinical left 
ventricular dilatation and systolic dysfunction 
in men free of overt cardiovascular disease 
(the Framingham Heart Study); 1180 


Prognostic value of changes in R-wave amplitude 
during exercise testing after a first acute 
myocardial infarction; 152 


Prognostic value of echocardiography in 
hospitalized patients with pericardial effusion; 
934 


The prognostic significance of ventricular ectopic 
activity; 807 

Usefulness of a postoperative exercise test for 
predicting cardiac events after coronary artery 
bypass grafting; 56 

Usefulness of left atrial and left ventricular 
chamber sizes as predictors of the severity of 
mitral regurgitation; 774 

Usefulness of left ventricular size and function in 
predicting survival in chronic dialysis patients 
with diabetes mellitus; 300 


Value of negative predischarge exercise testing in 
identifying patients at low risk after acute 
myocardial infarction treated by systemic 
thrombolysis; 31 


Programmed ventricular 

stimulation 

Comparison of intravenous dosing regimens for 
maintaining steady-state procainamide levels 
during programmed ventricular stimulation; 
1087 

Effect of high-current stimulation in patients with 
sustained ventricular tachycardia rendered 
noninducible by antiarrhythmic drugs; 752 


Recordings from the slow zone of reentry during 
burst pacing versus programmed premature 
stimulation for initiation of reentrant 
ventricular tachycardia in patients with 
coronary artery disease; 211 


Reproducibility of programmed electrical 
stimulation responses in patients with 
ventricular tachycardia or fibrillation 
associated with coronary artery disease; 758 


Propafenone 
Beta-blocking effect of propafenone based on 
spectral analysis of heart rate variability; 
1028 


Propranolol 
Effect of beta-adrenoceptor blockade on 
dipyridamole-induced myocardial asynergies 
in coronary artery disease; 724 


Prostaglandins 
Normalization of impaired response of platelets 
to prostaglandin E: d and synthesis of 
prostacyclin by insulin in unstable angina 
pectoris and in acute myocardial infarction; 
582 


Prostheses 
A new, noninvasive method to monitor the aging 
_ of bioprosthetic valves in the mitral position; 

1164 

Hemodynamic evaluation by Doppler 
echocardiography of small (<21 mm) 
prostheses and bioprostheses in the aortic 
valve position; 240 

Long-term echocardiographic Doppler monitoring 
of Hancock bioprostheses in the mitral valve 
position; 1157 

Morphologic findings in explanted mitroflow 
pericardial bioprosthetic valves; 263 

Spontaneous echocardiographic contrast with the 
carbomedics mitral valve prosthesis; 1497 


Pseudoaneurysm 
Supravalvular aortic stenosis after replacement 
of the ascending aorta; 1505 


Psychological stress 
Effects of anger on left ventricular ejection 
fraction in coronary artery disease; 281 


Pulmonary atresia 
Use of endovascular stents to increase 
pulmonary blood flow in pulmonary atresia 
with ventricular septal defect; 411 


Pulmonary disease 
Electrocardiographic features of restrictive 
pulmonary disease, and comparison with 
those of obstructive pulmonary disease; 394 


Pulmonary embolism 
Circadian rhythm of pulmonary embolism in 
patients with acute spinal cord injury; 827 
Effectiveness and safety of bolus administration 
of alteplase in massive pulmonary embolism; 
1477 


Pulmonary hypertension 
Effects of severe pulmonary hypertension on 
outcome of balloon mitral valvotomy; 823 


Pulmonary shunting 
Frequency and significance of intrapulmonary 
right-to-left shunting in end-stage hepatic 
disease; 516 


Pulmonary trunk 
Myocardial respiratory chain enzyme activities in 
anomalous origin of the left main coronary 
artery from the pulmonary trunk (Bland-White- 
Garland syndrome) and comparison with 
atherosclerotic coronary artery disease; 1228 
Pulmonary vascular resistance 
Immediate effects of percutaneous transvenous 
mitral commissurotomy on pulmonary 
hemodynamics at rest and during exercise in 
mitral stenosis; 641 


Pulmonary veins 
The “adult” form of the scimitar syndrome; 502 


Pulmonary venous flow 
Age-related increase in systolic fraction of 
pulmonary vein flow velocity-time integral 
from transesophageal Doppler 
echocardiography in subjects without cardiac 
disease; 1190 
Pulmonary venous flow dynamics before and 
after balloon mitral valvuloplasty as 
determined by transesophageal Doppler 
echocardiography; 780 
Pulmonary venous obstruction 
Role of transesophageal echocardiography in 
evaluation of pulmonary venous obstruction by 
paracardiac neoplastic masses; 1362 
Pulmonic valve disease 
Prevalence of bilateral patent ductus arteriosus 
in patients with pulmonic valve atresia and 
asplenia syndrome; 1219 


QT interval 
An improved method for adjusting the QT interval 
for heart rate (the Framingham Heart Study); 
797 
Reduction of QT-interval imprecision and 
variance by measuring the JT interval; 103 
Relation between QT and RR intervals during 
exercise testing in atrial fibrillation; 332 
Quinidine 
Effects of quinidine and amiodarone on blood 
pressure during rapid ventricular pacing in 
coronary artery disease; 1206 


R-wave amplitude 
Prognostic value of changes in R-wave amplitude 
during exercise testing after a first acute 
myocardial infarction; 152 
Radiation exposure 
Radiation exposure to patients and medical 
personnel during radiofrequency catheter 
ablation for supraventricular tachycardia; 218 


Radiofrequency 

An anatomically guided approach to 
atrioventricular node slow pathway ablation; 
886 

Atrial and ventricular approaches for 
radiofrequency catheter ablation of left-sided 
accessory pathways; 114 

Catheter ablation of the atrioventricular junction 
using radiofrequency energy and a bilateral 
cardiac approach; 1438 

Comparison of direct-current and radiofrequency 
ablation of free wall accessory atrioventricular 
pathways in the Wolff-Parkinson-White 
syndrome; 321 
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Doppler detection of valvular regurgitation after 
radiofrequency ablation of accessory 
connections; 116 


Electrocardiographic abnormalities after 
radiofrequency catheter ablation of accessory 
bypass tracts in the Wolff-Parkinson-White 
syndrome; 200 


Operative results after unsuccessful 
radiofrequency ablation for Wolff-Parkinson- 
White syndrome; 1490 


Radiation exposure to patients and medical 
personnel during radiofrequency catheter 
ablation for supraventricular tachycardia; 218 


Variable location of accessory pathways 
associated with the permanent form of 
junctional reciprocating tachycardia and 
confirmation with radiofrequency ablation: 
1559 


Readers’ Comments 
A grading index of serum lipid abnormalities; 
1514 


A simple technique to compute infusion rates for 
critical care drugs; 1637 


Acronyms of major cardiologic trials; 1512 


Arterial or cardiopulmonary baroreflex control of 
sympathetic nerve activity in heart failure?; 
1640 


Beta thromboglobulin and increased platelet 
activation after streptokinase treatment of 
acute myocardial infarction; 837 

Death in opera: a case study, “tales of 
Hoffman’’—Antonia; 838 


Does enflurane effect ventricular tachycardia?; 
267 


Estrogen replacement therapy and it’s 
association with false-positive exercise 
electrocardiogram; 1637 


Hemodynamic effects of nitroprusside on valvular 
aortic stenosis; 1639 


Left ventricular function in myasthenia gravis; 
837 


Less money for doctors in the future?; 133 

Low-dose sustained release nicotinic acid 
(Tri-B3) and lipoprotein (a); 133 

Need for standardization of tilt-table test in 
evaluation of syncope; 1639 


Nutritional modulation in acute myocardial 
infarction; 1642 


Rapid breakdown during exposure to daylight of 
molsidomine when administered by 
continuous intravenous infusion; 836 


Routine lipid profile in patients with and without 
restenosis after percutaneous transluminal 
coronary angioplasty; 1640 

Simultaneous mechanical clot fragmentation and 
pharmacologic thrombolysis in acute massive 
pulmonary embolism; 836 


Water-soluble dietary fiber and low-density 
lipoprotein cholesterol; 840 


Reentrant pathway 
Recordings from the slow zone of reentry during 
burst pacing versus programmed premature 
stimulation for initiation of reentrant 
ventricular tachycardia in patients with 
coronary artery disease; 211 


Renal disease 
Course of left ventricular hypertrophy and 
function in end-stage renal disease after renal 
transplantation; 1481 


Reperfusion 
Patterns of myoglobin and MM creatine kinase 
isoforms release early after intravenous 
thrombolysis or direct percutaneous 
transluminal coronary angioplasty for acute 
myocardial infarction, and implications for the 
early noninvasive diagnosis of reperfusion; 
1129 
Repolarization 
Electrocardiographic abnormalities after 
radiofrequency catheter ablation of accessory 
bypass tracts in the Wolff-Parkinson-White 
syndrome; 200 
Revascularization 
Six-year survival after coronary thrombolysis and 
early revascularization for acute myocardial 
infarction; 26 
Strategy of complete revascularization in patients 
with multivessel coronary artery disease (a 
report from the 1985-1986 NHLBI PTCA 
Registry); 174 
Right ventricular dysplasia 
Magnetic resonance imaging in right ventricular 
dysplasia; 1589 
Right ventricular stimulation 
Stimulation of the summit of the right ventricular 
aspect of the ventricular septum during 
orthodromic atrioventricular reentrant 
tachycardia; 78 
Risk factors 
Atherosclerosis of the aorta and coronary arteries 
and cardiovascular risk factors in persons 
aged 6 to 30 years and studied at necropsy 
(The Bogalusa Heart Study); 851 
Clinical implications of left atrial spontaneous 
echo contrast in nonrheumatic atrial 
fibrillation; 327 
Effect of thrombolytic therapy on the predictive 
value of signal-averaged electrocardiography 
after acute myocardial infarction; 21 
Effects of morbid obesity and diabetes mellitus 
on risk of coronary artery bypass grafting: 
1613 
Prediction of risk for hemodynamic compromise 
during percutaneous transluminal coronary 
angioplasty; 1540 
Psychological, behavioral and biochemical risk 
factors for coronary artery disease among 
American and Italian male corporate 
managers; 1412 
Risk factor correlates of coronary calcium as 
evaluated by ultrafast computed tomography; 
977 
Superficiality of femoral artery pseudoaneurysm 
as a risk factor for rupture; 834 
Value of negative predischarge exercise testing in 
identifying patients at low risk after acute 
myocardial infarction treated by systemic 
thrombolysis; 31 


Salt intake 
Effects of combined hydrochlorothiazide and 
amiloride versus single drug on changes in 
salt taste and intake; 91 
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Saphenous vein graft 
Acute and long-term outcome of narrowed 
saphenous venous grafts treated by 
endoluminal stenting and directional 
atherectomy; 161 


Scimitar syndrome 
The “adult” form of the scimitar syndrome; 502 


Sex bias 
Cardiac transplant recipients are sex blind to 
their heart donors; 814 


Shock 
Prospective comparison of biphasic and 
monophasic shocks for implantable 
cardioverter-defibrillators using endocardial 
leads; 304 


Sickle-cell disease 
Scarring of the left ventricular papillary muscles 
in sickle-cell disease; 1368 


Simvastatin 
Efficacy and tolerability of simvastatin and 
pravastatin in patients with primary 
hypercholesterolemia (multicountry 
comparative study); 1281 


Sinus node ablation 
Sinus node artery occlusion for treatment of 
chronic nonparoxysmal sinus tachycardia; 128 


Sinus rhythm 
Activation of the coagulation system in women 
with mitral stenosis and sinus rhythm; 1217 


Altered cardiac hemodynamic and electrical state 
in normal sinus rhythm after chronic 
dual-chamber pacing for relief of left 
ventricular outflow obstruction in hypertrophic 
cardiomyopathy; 651 


Effectiveness of loading oral flecainide for 
converting recent-onset atrial fibrillation to 
sinus rhythm in patients without organic heart 
disease or with only systemic hypertension; 
69 


Spectral analysis 
A new, noninvasive method to monitor the aging 
of bioprosthetic valves in the mitral position; 
1164 
Beta-blocking effect of propafenone based on 
spectral analysis of heart rate variability; 
1028 


Spinal cord injury 
Circadian rhythm of pulmonary embolism in 
patients with acute spinal cord injury; 827 


ST segment 
ST-alternans alternans; 1224 


Stenosis 

Angiographic follow-up after internal mammary 
artery graft angioplasty; 401 

Background and methods for the lovastatin 
restenosis trial after percutaneous 
transluminal coronary angioplasty; 293 

Doppler echocardiographic assessment of aortic 
stenosis using the peak velocity ratio; 536 

Effects of homograft blood type and anatomic 
type on stenosis, regurgitation and calcium in 
homografts in the pulmonary position; 392 

Effects of severe pulmonary hypertension on 
outcome of balloon mitral valvotomy; 823 


mm 


Exercise-induced S-wave prolongation in left 
anterior descending coronary artery stenosis; 
1407 


Frequency of stress-induced Thallium-201 
defects in patients with patent internal 
mammary artery to the left anterior 
descending coronary artery graft; 399 


Influence of vessel selection on the observed 
restenosis rate after endoluminal stenting or 
directional atherectomy; 1101 


Initial management and long-term clinical 
outcome of restenosis after initially successful 
percutaneous transluminal coronary 
angioplasty; 47 

Reported frequency of coronary arterial narrowing 
by angiogram in patients with valvular aortic 
stenosis; 539 


Results of directional atherectomy of primary 
atheromatous and restenosis lesions in 
coronary arteries and saphenous vein grafts; 
449 


Strategy of complete revascularization in patients 
with multivessel coronary artery disease (a 
report from the 1985-1986 NHLBI PTCA 
Registry); 174 


Stenting 
Acute and long-term outcome of narrowed 
saphenous venous grafts treated by 
endoluminal stenting and directional 
atherectomy; 161 


Influence of vessel selection on the observed 
restenosis rate after endoluminal stenting or 
directional atherectomy; 1101 


Stenting for elastic recoil during coronary 
angioplasty of the left main coronary artery; 
105 


Use of endovascular stents to increase 
pulmonary blood flow in pulmonary atresia 
with ventricular septal defect; 411 


Streptokinase 
Adult respiratory distress syndrome after 
streptokinase; 1632 


Beta thromboglobulin and increased platelet 
activation after streptokinase treatment of 
acute myocardial infarction; 837 


Stress 
Cardiac response to combined moderate heat 
and exercise in men with coronary artery 
disease; 186 


Enhanced sensitivity for detection of coronary 
artery disease by addition of atropine to 
dobutamine stress echocardiography; 41 


Frequency of late potentials on signal-averaged 
electrocardiograms during thallium stress 
testing in coronary artery disease; 432 

Frequency of stress-induced Thallium-201 
defects in patients with patent internal 
mammary artery to the left anterior 
descending coronary artery graft; 399 

Magnetic resonance imaging during dobutamine 
stress in coronary artery disease; 34 

Reproducibility of stress redistribution thallium- 
201 SPECT quantitative indexes of 
hypoperfused myocardium secondary to 
coronary artery disease; 1255 


Safety of intravenous high-dose dipyridamole 
echocardiography; 252 


Specificity of electrocardiographic stress test in 
women versus men; 545 


Stress response pattern in obesity and systemic 
hypertension; 1035 


Stroke 
Frequency of thromboembolic stroke in persons 
> 60 years of age with extracranial carotid 
arterial disease and/or mitral annular 
calcium; 123 


Stroke volume 
Left ventricular response to submaximal exercise 
in endurance-trained athletes and sedentary 
adults; 930 


Quantitative dynamics of left ventricular 
emptying and filling as a function of heart size 
and stroke volume in pure aortic regurgitation 
and in normal subjects; 1045 

Studies of left ventricular 
dysfunction 

Clinical characteristics of patients in studies of 
left ventricular dysfunction (SOLVD); 894 


Studies of left ventricular dysfunction (SOLVD) 
registry: rationale, design, methods and 
description of baseline characteristics; 347 


Subaortic stenosis 
Diagnostic value of transesophageal versus 
transthoracic echocardiography in discrete 
subaortic stenosis; 962 


Supraventricular tachycardia 
Acute conversion of paroxysmal supraventricular 
tachycardia with intravenous diltiazem; 587 


Age at onset and gender of patients with 
different types of supraventricular 
tachycardias; 1213 


Clinical and electrophysiologic effects of 
magnesium sulfate on paroxysmal 
supraventricular tachycardia and comparison 
with adenosine triphosphate; 879 


Radiation exposure to patients and medical 
personnel during radiofrequency catheter 
ablation for supraventricular tachycardia; 218 

Surgery 

“Beauty is in the eye...”’; 1608 

Comparison of patient-reported outcomes after 
elective coronary artery bypass grafting in 
patients aged > and <65 years; 60 


Echocardiographic frequency and severity of 
aortic regurgitation after ultrasonic aortic 
valve debridement for aortic stenosis in 
persons aged 65 years; 125 


Long-term follow-up of patients undergoing 
myotomy/myectomy for obstructive 
hypertrophic cardiomyopathy; 657 

Percutaneous transluminal coronary angioplasty 
without on-site surgical facilities; 1520 


Prediction of late cardiac events by dipyridamole 
thallium imaging in patients undergoing 
elective vascular surgery; 1243 

Prognosis in rupture of the ventricular septum 
after acute myocardial infarction and role of 
early surgical intervention; 147 

Usefulness of a postoperative exercise test for 
predicting cardiac events after coronary artery 
bypass grafting; 56 


Survival 
Frequency and significance of intrapulmonary 
right-to-left shunting in end-stage hepatic 
disease; 516 
Six-year survival after coronary thrombolysis and 
early revascularization for acute myocardial 
infarction; 26 


Usefulness of left ventricular size and function in 
predicting survival in chronic dialysis patients 
with diabetes mellitus; 300 


Symposium: Cardiac Imaging and 
Patient Management 
Assessing viable myocardium with thallium-201; 
10E 


Comparison of thallium-201 and technetium- 
99m methoxyisobutyl isonitrile; 30E 


Introduction; 1E 


Myocardial thallium-201 scintigraphy for 
assessment of viability in patients with severe 
left ventricular dysfunction; 18E 


Prognostic value of thallium-201 myocardial 
perfusion imaging in three primary patient 
populations; 23E 

Thallium-201 single-photon emission computed 
tomography (SPECT) in the assessment of 
coronary artery disease; 3E 


Symposium: Coronary Artery 
Disease: Mechanisms for 
Myocardial Protection 
Abnormal electrocardiograms and cardiovascular 

risk: role of silent myocardial ischemia; 14F 


Cardiac allograft arteriopathy: an ischemic 
burden of a different sort; 9F 

Diagnostic and therapeutic implications: 
exploration through case discussions; 45F 


Introduction; 1F 


Molecular and cellular aspects of calcium 
channel antagonism; 6F 


Relation between systemic hypertension and pain 
perception; 3F 

Role of myocardial oxygen demand in the 
pathogenesis of silent ischemia during daily 
life; 19F 

Significance of silent myocardial ischemia after 
coronary artery bypass surgery; 35F 


The council for myocardial ischemia and 
infarction: advisory group reports on silent 
myocardial ischemia, heart rate control, and 
post-myocardial infarction management; 39F 


Use of intracoronary ultrasonography in 
assessing pharmacotherapy for myocardial 
ischemia; 25F 


Symposium: Heart Failure 
Management in the 1990s: The 
Role of Lisinopril 
Angiotensin-converting enzyme inhibition, the 

sympathetic nervous system, and congestive 
heart failure; 113C 


Angiotensin-converting enzyme inhibitors and 
renal function in heart failure; 119C 

Angiotensin-converting enzyme inhibitors, left 
ventricular dysfunction, and early heart 
failure; 55C 

Autocrine and paracrine mechanisms in the 
pathophysiology of heart failure; 4C 
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Comparison of lisinopril versus digoxin for 
congestive heart failure during maintenance 
diuretic therapy; 84C 


Comparison of the first-dose effect of captopril 
and lisinopril in heart failure; 137C 


Comparison of treatment with lisinopril versus 
enalapril for congestive heart failure; 78C 


Differences in structure of angiotensin-converting 
enzyme inhibitors might predict differences in 
action; 102C 


Drug-patient interactions and their relevance in 
the treatment of heart failure; 109C 


Effect of angiotensin-converting enzyme 
inhibitors on the peripheral circulation in heart 
failure; 50C 


Effect of captopril and lisinopril on circadian 
blood pressure rhythm and renal function in 
mild-to-moderate heart failure; 147C 


Effects of angiotensin-converting enzyme 
inhibitors on tissue renin-angiotensin systems; 
12C 


Effects of hydrochlorothiazide, amiloride, and 
lisinopril on the metabolic, hemodynamic, and 
electrocardiographic responses to increased 
plasma epinephrine; 140C 


Effects of lisinopril on brain atrial natriuretic 
factor in uremic rats; 145C 


Electrolyte balance in heart failure and the role 
for magnesium ions; 44C 


First-dose blood pressure response in mild-to- 
moderate heart failure: a randomized, 
double-blind study comparing enalapril with 
lisinopril by 24-hour noninvasive blood 
pressure monitoring; 132C 


GISSI-3 study protocol on the effects of lisinopril, 
of nitrates, and of their association in patients 
with acute myocardial infarction; 62C 


Heart failure in 2001: a prophecy; 126C 


Importance of long-acting angiotensin-converting 
enzyme inhibitors for congestive heart failure; 
98C 

Introduction; 1C 

Long-acting angiotensin-converting enzyme 
inhibition: once-daily lisinopril versus 
twice-daily captopril in mild-to-moderate 
heart failure; 70C 

Pharmacokinetic profiles of single and repeat 
doses of lisinopril and enalapril in congestive 
heart failure; 151C 

Prospects for cardioreparation; 27C 

Results of the treatment trial of the studies of 
left ventricular dysfunction (SOLVD); 135C 

Safety of long-term use of lisinopril for 
congestive heart failure; 91C 

Study of the safety and efficacy of ACE inhibitors 
and their effects on 24-hour 
electrocardiographic monitoring in the 
treatment of moderate-to-severe heart failure: 
an interim analysis; 142C 

Ventricular arrhythmias in heart failure; 37C 

Ventricular remodeling following myocardial 
infarction; 20C 


Symposium: June 18, 


1992—Advances in 
Echocardiography: A View Toward 
the Year 2000 


Clinical applications of myocardial contrast 
echocardiography; 46H 


Discussion |: intravascular ultrasound; 30H 
Discussion II: contrast echocardiography; 56H 


Discussion Ill: transesophageal 
echocardiography; 76H 


Discussion IV: stress echocardiography; 97H 

Discussion V: tissue signature; 117H 

Discussion VI: three-dimensional reconstruction; 
131H 

Dobutamine stress echocardiography; 90H 

Exercise echocardiography; 82H 

Future developments in cardiac ultrasound: 
possibilities and challenges; 2H 

Intravascular ultrasound and intracardiac 
echocardiography: concepts for the future; 6H 

Intravascular ultrasound of the comnary arteries: 
current applications and future directions; 18H 

Introduction; 1H 

Myocardial perfusion: contrast echocardiography 
perspectives; 36H 

Quantitative ultrasonic imaging: tissue 
characterization and instantaneous 
quantification of cardiac function; 104H 

Recent experience with ultrasonic tissue 
characterization; 112H 

Sonicated serum albumin in contrast 
echocardiography: improved segmental wall 
motion depiction and implications for stress 
echocardiography; 42H 

Three-dimensional echocardiography: techniques 
and applications; 121H 

Transesophageal echocardiography: state-of-the- 
art and future directions; 61H 


Symposium: Optimizing Antianginal 


Therapy: A Consensus 
Conference 


Efficacy of isosorbide mononitrate in angina 
pectoris; 67G 


Introduction; 1G 
Mechanisms of myocardial ischemia; 14G 


New insights in measurement of myocardial 
ischemia; 19G 

New insights into the management of myocardial 
ischemia; 8G 

Optimizing antianginal therapy: consensus 
guidelines; 72G 

Pathophysiology of atherosclerasis; 3G 

Pharmacokinetics of isosorbide mononitrate; 61G 


Pharmacologic mechanisms of nitrates in 
myocardial ischemia; 38G 


Possible mechanisms of nitrate tolerance; 49G 
Rationale for intermittent nitrate therapy; 55G 


Tolerance, rebound, and time-zero effect of 
nitrate therapy; 43G 


Treatment of chronic stable angina pectoris; 26G 
Treatment of unstable angina pectoris; 32G 
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Symposium: Systemic 


Hypertension: Contribution of 
Trandolapril, a New Angiotensin- 
Converting Enzyme Inhibitor, 
Toward Patient Protection 


After the diagnosis of systemic hypertension, is 
risk factor management important?; 9D 


Beneficial effects of trandolapril on 
experimentally induced congestive heart 
failure in rats; 43D 


Can the genetic factors influence the treatment 
of systemic hypertension? The case of the 
renin-angiotensin-aldosterone system; 14D 
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Cordarone® (amiodarone HCH Tablets 


BRIEF SUMMARY 
(See Package Circular for full prescribing information.) 


Indications and Usage: Because of life-threatening side effects and 
substantial management difficulties (See “Warnings” below) use only 
for treating documented, life-threatening recurrent ventricular 
fibrillation or recurrent hemodynamically unstable ventricular 
tachycardia that are unresponsive to documented adequate doses of 
other antiarrhythmics or when alternative agents are not tolerated 


Controlled trials show no evidence that Cordarone favorably affects 
survival. 


For use only by physicians familiar with and with access to (directly or 
via referral) all available modalities for treating recurrent life- 
threatening ventricular arrhythmias, including access to appropriate 
monitoring facilities and continuous electrocardiographic monitoring 
and electrophysiologic techniques. Due to the life-threatening nature of 
the arrhythmias treated, potential interactions with prior therapy, and 
potential arrhythmia exacerbation, start Cordarone in a hospital setting. 


Contraindications: Severe sinus-node dysfunction, with marked 
sinus bradycardia; 2nd- and 3rd-degree atrioventricular (AV) block; 
episodes of bradycardia which cause syncope (except when used with a 
pacemaker); known hypersensitivity to the drug. 


Warnings: Cordarone is intended for use only in patients 
with the indicated life-threatening arrhythmias because its 
use is accompanied by substantial toxicity. 


Cordarone has several potentially fatal toxicities, the most 
important of which is pulmonary toxicity (hypersensitivity 
pneumonitis or interstitial/ alveolar pneumonitis) that has 
resulted in clinically manifest disease at rates as high as 
10 to 17% in some series of patients with ventricular 
arrhythmias given doses around 400 mg/day, and as 
abnormal diffusion capacity without symptoms in a much 
higher percentage of patients. day mc toxicity has been 
fatal about 10% of the time. Liver injury is common with 
Cordarone, but is usually mild and evidenced only by 
abnormal liver enzymes. Overt liver disease can occur, 
however, and has been fatal in a few cases. Like other 
antiarrhythmics, Cordarone can exacerbate the arrhythmia, 
E by making the a mia less well tolerated or more 
difficult to reverse. This has occurred in 2-5% of patients in 
various series, and significant heart block or sinus 
er teg: has been seen in 2-5%. All of these events 
should be manageable in the proper clinical setting in most 
cases. Although the frequency of such proarrhythmic 
events does not appear greater with Cordarone than with 
many other agents used in this population, the effects are 
prolonged when they occur. 


Even in patients at high risk of arrhythmic death, in whom 
the toxicity of Cordarone is an acceptable risk, Cordarone 


poses major management problems that could be life- 
threatening in a population at risk of sudden death, so that 
ER effort should be made to utilize alternative agents 


The difficulty of using Cordarone effectively and safel 
itself poses a significant risk to patients. Patients with the 
indicated a mias must be hospitalized while the 
loading dose of Cordarone is given, and a response 

enerally requires at least one week, usually two or more. 

cause absorption and elimination are variable, 

maintenance-dose selection is difficult, and it is not 
unusual to require dosage decrease or discontinuation of 
treatment. In a retrospective survey of 192 patients with 
ventricular tachyarrhythmias, 84 required dose reduction 
and 18 required at least temporary discontinuation because 
of adverse effects, and several series have reported 15 to 
20% overall frequencies of discontinuation due to adverse 
reactions. The time at which a previously controlled life- 
threatening arrhythmia will recur after discontinuation or 
dose adjustment is unpredictable, ranging from weeks to 
months. The patient is obviously at great risk during this 
time and DE prolonged hospitalization. Attempts to 
substitute other antia mic agents when Cordarone 
must be stopped will be made difficult by the gradually, but 
unpredictably, changing amiodarone body burden. A 
similar problem exists when Cordarone is not effective; it 
still poses the risk of an interaction with whatever 
subsequent treatment is tried. 





PULMONARY TOXICITY: Cordarone may cause a syndrome of cough 
and progressive dyspnea with functional, radiographic, gallium-scan 
and pathological data consistent with pulmonary toxicity; frequency 
usually varies from 2-7%, but can be as high as 10-17%. Thus, at start 
of therapy, perform baseline chest x-ray and pulmonary-function tests, 
including diffusion capacity. Repeat history, physical exam (PE), and 
chest x-ray every 3-6 months. 


Preexisting pulmonary disease does not _ to increase risk of 
toxicity; however, prognosis is poorer if pulmonary toxicity develops. 
Cordarone-induced pulmonary toxicity seems to result from indirect 
(hypersensitivity pneumonitis) or direct (interstitial/alveolar 
pneumonitis) toxicity. 


rsensitivity pneumonitis usually appears early in therapy; 
rechall results in a more rapid and severe recurrence. 
Bronchoalveolar lavage is procedure of choice to confirm diagnosis, 
made when a T suppressor/cytotoxic (CD8 - positive) lymphocytosis 
noted. Treat with steroids and stop Cordarone. 
Interstitial/alveolar pneumonitis, characterized by diffuse alveolar 
damage, interstitial pneumonitis or fibrosis in lung biopsies. 
Phospholipidosis (foamy cells, foamy macrophages) is present in most 
cases of Cordarone-induced pulmonary toxicity; however, this also 
occurs in approximately 50% of all Cordarone patients. Use these cells 
as therapy markers, not evidence of toxicity. If interstitial/alveolar 
pneumonitis is diagnosed, reduce dose or, preferably, withdraw 
Cordarone, especially if other acceptable antiarrhythmics are available. 
Where these measures were instituted, symptoms mp | decreased in 
the first week; most clinical improvement was in first 2-3 weeks. Chest 
X-ray changes usually resolve in 2-4 months. Some experts feel 
steroids may be helpful. Prednisone (40-60 mg/day) or equivalent 
doses of other steroids have been used and tapered over several weeks. 
At times rechallenge at a lower dose will not result in return of toxicity. 
Reports suggest lower loading and maintenance doses are associated 
with a lower incidence of pulmonary toxicity, 


In Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity; repeat and evaluate history, PE, chest 


X-ray, and pulmonary-function tests (with diffusion capacity). A 15% 
decrease in diffusion capacity has a high sensitivity but only a 
moderate specificity for pulmonary toxicity; as decreases in diffusion 
capacity approach 30%, sensitivity decreases but specificity increases. 
A diagnostic gallium scan may also be performed. 


Fatalities from pulmonary toxicity occur in about 10% of cases. 
However, when life-threatening arrhythmias exist, stop 

Cordarone (amiodarone HCI) cautiously if drug-induced pulmonary 
toxicity is suspected. As the most common cause of death in these 
patients is sudden cardiac death, first rule out other causes of 
respiratory impairment. Bronchoalveolar lavage or lung biopsy may be 
necessary to confirm the diagnosis, especially when there is no 
acceptable alternative therapy. 


If hypersensitivity pneumonitis is diagnosed, stop Cordarone and treat 
with steroids. If Cordarone-induced interstitial/alveolar pneumonitis is 
diagnosed, start steroids and, NEE stop Cordarone or, minimally, 
reduce the dose. Some cases may resolve after dose reduction and 
steroid use. Sometimes, rechallenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis; however, pulmonary lesions 
are irreversible in some. 


WORSENED ARRHYTHMIA: Cordarone may cause serious 
exacerbation of a presenting arrhythmia, possibly enhanced by 
concomitant antiarrhythmic oi Exacerbation (about 2-5% in most 
series), includes new ventricular fibrillation, incessant ventricular 
tachycardia, increased resistance to cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape foci in 2-4% of patients. 


LIVER INJURY: Increased hepatic enzymes, mostly asymptomatic, are 
seen frequently. Consider discontinuation or dose reduction if increase 
exceeds 3 times normal, or doubles in patient with elevated baseline 
Rarely, hepatic failure has been fatal 


PREGNANCY — PREGNANCY CATEGORY D: Cordarone is embryotoxic 
(increased fetal resorption and growth retardation) in rats at 18 times 
the maximum recommended oral maintenance dose. Similar results are 
seen in one mice strain at about 1/2 the maximum recommended 
maintenance dose or higher, but not in a second strain nor rabbits at 
doses up to 9 times the maximum recommended maintenance dose. 


Neonatal apo or hyperthyroidism: \n utero exposure can cause 
fetal harm. There are some reports of congenital goiter/ hypothyroidism 
and vee sees lf used anytime during pregnancy apprise patient 
of potential fetal hazard. In general, use during pregnancy only if 
potential benefit to the mother justifies unknown fetal risk. 


Precautions 


CORNEAL MICRODEPOSITS; IMPAIRMENT OF VISION: Corneal 
microdeposits appear in a majority of adults on Cordarone. Usually 
discernible only by slit-lamp, up to 10% of patients have symptoms 
like visual halos or blurred vision. Microdeposits are reversible if dose 
reduced or treatment stopped; if asymptomatic, no need to reduce dose 
or stop drug. 


PHOTOSENSITIVITY: Seen in about 10% of patients; sun-barrier 
creams or protective clothing may afford some protection. On long- 
term therapy, may have a blue-gray skin discoloration of exposed skin. 
Fair complexion or excess sun exposure may increase risk; also may 
be related to cumulative dose and therapy duration. 


THYROID ABNORMALITIES: Cordarone inhibits conversion of 
thyroxine (T4) to triiodothyronine (T4) and may cause increased 
thyroxine, decreased T3, and increased levels of inactive reverse T3 
(rT) in clinically euthyroid patients. Due to its release of inorganic 
iodine, or perhaps other reasons, Cordarone can cause either hypo- or 
hyperthyroidism. Monitor thyroid function before treatment anc 
periodically thereafter, particularly in the elderly and those with history 
of thyroid nodules, goiter, or other thyroid dysfunction. Due to slow 
elimination of Cordarone and its metabolites, high plasma iodide 
levels, altered thyroid function, and abnormal thyroid-function tests 
may persist for weeks or months after withdrawal. 


pothyroidism occurred in 2-4% of patients in most series, but in 8- 
10% in some. To treat, reduce Cordarone dose and/or give thyroid 
hormone supplement. Individualize therapy; may need to stop 
Cordarone. 

Hyperthyroidism occurs in about 2% of patients, incidence may be 
higher with prior inadequate dietary iodine intake. Cordarone-induced 
hyperthyroidism is usually a greater hazard than hypothyroidism due to 
ssible arrhythmia org or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM 
SHOULD BE CONSIDERED. Flat TSH response to TRH is confirmatory. 
Since arrhythmia breakthroughs may accompany Cordarone-induced 
| apeme Fr mi aggressive medical treatment is indicated, including, 
if possible, dose reduction or Cordarone withdrawal. Antithyroid a 
B-blockers and/or temporary steroid therapy may be needed. (See full 
prescribing information for additional information regarding treatment). 
SURGERY: Hypotension Postbypass: Rarely, hypotension is seen on 
cessation of cardiopulmonary bypass during open-heart surgery in 
Cordarone patients; relationship to Cordarone is unknown. 
Adult — Distress Syndrome (ARDS): Rarely, ARDS 
occurs in Cordarone patients after surgery. Patients zeg) respond to 
vigorous respiratory therapy; rarely, the outcome is fatal. The 
mechanism may be generation of superoxide radicals during 
oxygenation; therefore, keep operative FiO, as close to room air as 
possible. 
LABORATORY TESTS: Elevated liver enzymes (SGOT and SGPT) can 
occur; monitor closely if high maintenance doses used. Consider dose 
reduction or stopping therapy if significant elevations persist or 
hepatomegaly occurs. 
Thyroid-function tests (increased T4 and reverse T3, and decreased T3) 
ee be altered; despite these changes, most patients remain clinically 
euthyroid. 
DRUG INTERACTIONS: Few drug-drug interactions have been explored 
formally but most have shown an interaction. Thus, anticipate other 
interactions, especially drugs with pooper serious SET like other 
antiarrhythmics. With its long, variable half-life, a potential for 
interaction also exists with drugs given after stopping Cordarone. 
Digitalis: Serum digoxin increases (by up to 70%) and may reach 
toxic levels; onset is about 1 day. On initiation of Cordarone, 
review need for digitalis and reduce its dose by about 50% 
or stop it. If digitalis continued, monitor serum levels closely and 
observe for toxicity. Precautions probably also apply to digitoxin. 
Anticoagulants: Potentiation of wartarin-type anticoagulant response 
is almost always seen and can result in serious or fatal bleeding. 
Prothrombin time may increase by 100%; onset is 3 to 4 days. 
Reduce anticoagulant dose by 1/3 to 1/2, and monitor 
prothrombin times closely. 


Antiarrhythmic Agents: Although they have been used concurrently 
with Cordarone, steady-state levels of quinidine, procainamide, and 
phenytoin may increase during such combined therapy. Quinidine 


serum concentrations may increase by 33% within 2 days. 
Procainamide serum concentrations may increase by 55% (n-acetyl 
procainamide by 33%) in < 7 days. In general, reserve such 
combinations for patients with life-threatening ventricular arrhythmias 
incompletely responsive to a single agent, or incompletely responsive 
to Cordarone (amiodarone HCI), and start any added antiarrhythmic at a 
lower than usual dose with careful monitoring. During transfer to 
Cordarone, reduce dose of previous agents 30-50% several days after 
adding Cordarone, when arrhythmia suppression should be starting. 
Afier Cordarone effects are established, discontinue other 
antiarrhythmics if possible. If treatment is maintained, continue 
monitoring carefully for adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias. In Cordarone 
patients requiring additional antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 


Use Cordarone cautiously with B-blockers or calcium antagonists as 
bradycardia, sinus arrest, and AV block may be potentiated; if 
necessary, Cordarone can continue after pacemaker insertion in 
patients wit severe bradycardia or sinus arrest. 


ELECTROLYTE DISTURBANCES: May be ineffective or arrhythmogenic 
if hypokalemia is present; correct any potassium or magnesium 
deficiency before starting drug. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fertility reduced in male and female rats at 8 x the highest 
recommended human maintenance dose. Cordarone caused a 
Statistically significant, dose-related increase in thyroid tumors in rats. 
Incidence greater than control even at lowest dose tested, i.e., about 1/2 
the highest recommended human maintenance dose. Mutagenicity 
Studies were negative 


PREGNANCY: PREGNANCY CATEGORY D — See Warnings. 


LABOR AND DELIVERY: Occurrence of adverse effects during labor or 
delivery is unknown. Preclinical studies in rodents have shown no 
effect on gestation duration or parturition. 


NURSING MOTHERS: Cordarone is excreted in human milk; breast- 
feeding may expose nursing infants to a significant drug dose. Nursing 
offspring of lactating rats given Cordarone were less viable and had 
reduced body-weight gains. Advise mothers to discontinue nursing 
before taking. 


PEDIATRIC USE: Safety and effectiveness have not been established. 


Adverse Reactions: Adverse effects are very common (about 3/4 of 
all patients) with doses of 400 mg/day or more, and cause 7-18% to 
discontinue. The most serious are pulmonary toxicity, arrhythmia 
exacerbation, and rare serious liver injury (see “Warnings’), but other 
adverse effects constitute important problems. They are often reversible 
by reducing dose and virtually always reversible by stopping 
Cordarone. Most adverse effects appear more frequent with continued 
treatment beyond 6 months; rates ooo relatively constant beyond 
one year. Neurologic problems, including malaise and fatigue, tremor 
and involuntary movements, poor coordination and gait, and peripheral 
neuropathy are common (20-40% of patients); these may respond to 
dose reduction, rarely need to stop therapy. 


Gastrointestinal (GI) complaints, commonly seen with high doses 
(i.e., loading dose), usually respond to dose reduction or divided 
doses; rarely need to stop drug. 


Asymptomatic corneal microdeposits. See Precautions and full 
prescribing information. 


Photosensitivity. See Precautions and full prescribing information. 


Cardiovascular adverse reactions, other than arrhythmia exacerbation, 
include the uncommon occurrence of congestive heart failure (3%) and 
bradycardia. Bradycardia usually responds to dose reduction but may 
require a pacemaker. CHF rarely requires stopping drug. Cardiac 
conduction abnormalities occur infrequently and are reversible upon 
stopping drug. 

The following side-effect rates are based on a retrospective study of 
241 patients treated for 2 to 1,515 days (mean 441.3 days). 


Each reported in 10-33% of patients: Gi—Nausea and vomiting. 


Each reported in 4-9% of patients: Dermatologic—Solar 
dermatitis/photosensitivity; Neurologic—Malaise and fatigue, 
tremor/abnormal involuntary movements, lack of coordination, 
abnormal EN dizziness, paresthesias; GI—Constipation, 
anorexia; Ophthalmologic—Visual disturbances; Hepatic—-Abnormal 
liver-function tests; Respiratory—-Pulmonary inflammation or fibrosis. 


Each reported in 1-3% of patients: Thyroid—Hypo- or 

Lae aes Neurologic—Decreased libido, insomnia, headache, 
sleep disturbances; Cardiovascular—CHF, cardiac arrhythmias, SA 
node dystunction; GiI-Abdominal pain; Hepatic-Nonspecific hepatic 
disorders; Other—Flushing, abnormal taste and smell, edema, abnormal 
salivation, coagulation abnormalities. 


Each reported in < 1% of patients: Blue skin discoloration, rash, 
spontaneous ecchymosis, alopecia, hypotension, and cardiac 
conduction abnormalities. Rarely hepatitis, cholestatic hepatitis, 
cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, 
and thrombocytopenia. 

Adverse reactions most frequently requiring Cordarone discontinuation 
include pulmonary infiltrates or fibrosis, paroxysmal ventricular 
tachycardia, CHF, and elevated liver enzymes. Symptoms causing 
discontinuation less often include visual disturbances, solar dermatitis, 
blue skin discoloration, hyper- or hypothyroidism. 

Overdosage: The few reports of Cordarone overdose, in which 3 to 8 
grams were taken, resulted in no deaths or permanent sequelae. Animal 
Studies indicate that Cordarone has a high oral LD<p (>3,000 mg/kg). 
Along with general supportive measures, monitor patient's cardiac 
rhythm and blood pressure; if bradycardia ensues, may use a 
B-adrenergic agonist or pacemaker. Use positive inotropic and/or 
vasopressor agents to treat hypotension with inadequate tissue 
perfusion. Neither Cordarone nor its metabolite is dialyzable. 


Dosage and Administration: See full prescribing information. 
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